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During world wars, there was cessation of fishing activities. 
Due to this cessation there was immediately after each war, 
the catches of individual trawlers were often several times 
the prewar averages (FAO, 1968). This shows clearly not 
only how fish stocks can be depleted by fishing, but can be 
improved by efit'ctive managerial actions. 
Taking advalltage of this quickly recoverable nature of 
fishing resources, the fishery is to be so managed as to 
obtain sustainable yield without advers p, ly affecting res-
ources. The aim of rational exploitation and judicious 
management of any fishery resources is therefore to maximise 
the sus tainable yield level. 
The best example of successful management of an inter-
national fishery resources is the North Pacific furseal 
(Gulland,1974). The plaice, cod, haddock, sole etc, in the 
North sea were exploited heavily and were declining. To 
arrest this declining trend, the international regulations 
such as larger meshes in trawls and seines were imposed 
which in turn helped in increasing the catches in successive 
period. This shows that the prope r management helps fish 
stocks to build up . 
Management is based on the biological in formation of 
the stock. As indicated above, the objective of fishe rie s 
management in biological terms is the attainment of 
the maximum sustainable yield t ha t is ~ reatest physical 
yield that the stock can produce year after year without 
affecting itself. Keeping this aspect in view, the 
present study was carried out. 
I N T ROD U C T ION 
Objective of the study:- -To indicate maximum sustainable 
yield after evaluating the sciaenid fishery and to suggest 
the measures for it". 
In this case, the yield per recruit was estimated by 
using the growth parameters, mortality and lengh/age at 
first capture. These parameters were estimated by studying 
their age and growth aspects of these two species. 
In that context, two species of sciaenids from Konkan 
coast were selected for the study. Konkan coast consists of 
Raigad, Ratnagiri and Sindhudurg districts of Maharashtra. 
This coast starts from Mora fish landing centre, the north 
end of Raigad district and ends at Reddi, the South ~nd of 
Sindhudurg district (Fig. I). For years together, the coast 
is providing rich marine resources such as maCkerel, sardine, 
prawn, sCiaenid, ribbon fish, catfish etc. This region contri-
buted about 27% to the total marine fish production of the 
state during 1983-84 where contribution of Ratnagiri was 16%. 
In the State 29% sciaenid landings came from Ratnagiri district 
(CMFRI, 1987). Ratnagiri fish l anding centre 1s the biggest 
fish landing centre on the Kookan coast from where 460 small . 
fishing trawlers, (32'-45') are in operation. Considering all 
these points, Ratnagiri fish landing centre was selected for 
the study. 
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As stated above. the sciaenids are landed in large 
quantities at Ratnagiri centre and it is consumed by many 
people covering all strata of the society. It also plays 
an important role in economy of fisherman. Nowadays, 
the exporters are utilizing the sciaenids f or fish meat t o 
export. Here the major contribution comes from Johnieops 
!in! and Otolithes ruber. Except the f ood and feeding habits 
and reproduction studies on ~ ~ from Ratnagiri waters, 
no other work has been carried out. Because of its socio-
economic importance, biostatistical study was necessary for 
evaluating the fishery. Hence a detailed study on Biostati-
stical evaluation of these two species, Johnieops ~ and 
Otolithes ruber was undertaken 
From Indian waters, different aspects of various 
sciaenids have been studied by scientists. Length-weight 
relationship and condition factor of Johnieops osseus from 
South Kanara coast have been studied by Baragi and James 
(1980). Length-weight relationships of Pennahia macroph-
thalmus and Johnius carutta from Waltair coast have been 
observed by Rao, T.Appa (1982). The length-weig~t relaion-
ship and condition factor of Johnieops vogleri from Bombay 
water (Muthiah, 1982) and the length-weight relationship 
of Johnius carutta Madras Coast (Vivekanandan 1985) have 
been studied. 
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Rao K.V.S. (1963) has studied the biology of 
Pseudosciaena diacanthus from Bombay wa ters. Biometry 
of Pennahia aneus from Port Novo was studied by Gandhi (1982). 
Pillai (1983) observed the biometry, food and feeding and 
spawning habit of Otolithes ruber from Port Novo. Biology 
of Johnius (Johnieops) dussumieriL Johnius (Johnius) carutta 
from Kakinada have been studied by S.V.Murty (1979) where 
maturation, spawning, length-weight relationship and conditi on 
factor were taken into account. 
Kutty, Narayanan (1961) has tried t o estimate the age 
and growth of Otolithoides brunneus from Bombay waters by 
studying the scale and otolith. In the same year Rao , 
K.V.S.(1961) used the scale and otolith of Pseudosciaena 
diacanthus from Bombay waters for age and growth purposes. 
Also the age and growth studies were taken on, Pseudosciaena 
coiber by length frequency method from Chilka lake (Rajan 1968); 
Pseudosciaena diacanthus from Bombay waters by length-frequency 
analysis (Rao, K.V.S., 1966). Rao K.V.S.(1968) has estimated 
the growth parameters of Pseudosciaena diacanthus from Bombay 
waters by studying i~ scales. Nair (1974) observed the 
length frequency data and scales o f John!eops ~ from Calic ut 
waters for estimation of age and growth. Jaypraksh (1977 ) 
estimated the age and growth of the juveniles of Otolithoid~ 
brunneus from Bombay waters. Age and growth of Johnieops 
Vogler! from Bombay waters (Muthiah, 1982) and that of 
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Johnius carutta from Madras (Vivekanandan, 1985) have been 
studied by length frequency analysis. 
Food and feeding habits of many species of sciaenids 
have been studied by various workers. Bapat and Bal (1952) 
studied the same on Sciaena miles, Sciaena albida, Sciaena 
seimiluctosa, Sciaena glauca and Otolithes argenteus from 
Bombay waters. The studies on Food and feeding habits have 
carried out on Sciaena alb ida and Sciaena ~ from Madras 
waters (Kuthalingam 1955, 1956); Pseudosciaena ~ and 
Otolithus argentus from Cochin waters (George ~ !!.,1968); 
Pseudosciaena sina from Ratnagiri waters (Bhusari, 1975); 
Johnius axillaris from Waltair coast (Srinivasa Rao and 
Janardhana Rao, 1979); Otolithes ruber and Johnieops ~ 
from Calicut waters (Nair 1979, 1980); Otolithes ruber from 
Goa waters (Jacob and Rajagopal 1980) and Pennahia 
Macrophthalmus from Mandapam coast(Mohan Lal, 1985). 
The reproductive biology, larval development of Pama 
pama, Gangetic whiting was studied by Pantulu and Jones (1951). 
Karamchandani and Motwani (1954) have observed the larval 
development of Pseudosciana coiter. Rao T .A . (1967) has 
observed the maturity and spawning of Pseudosciaena aneus, 
Pseudosciaena bleekeri and Johnius carutta from Visakhapatnam. 
Similar works have been carried on many species and those are, 
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maturity and spawning of Otolithes ruber and Johnius 
dussumieri from Bombay waters (Devadoss, 1969); the same 
aspects on Johnieops sina from Calicut waters (Nair 1977); 
reproductive biology of Johnieops osseus from South Kanara 
~aragi and James 1980); frequency of spawning of Johnieops 
osseus from Mangalore waters (James, Baragi 1980); iacundity 
and maturity of Pennahia aneus from Port Novo (Gandhi 1982); 
spawning habits of Otolithes ruber from Port Novo (Pillai 1983 ) ; 
maturation and fecundity of Sciaena glauca from Veraval 
(Rao 1985); maturity and spawning of Johnius carutta from 
Madras waters (Yivekanandan 1985) and maturity, spawning 
and facundity of Otolithes cuvieri from Yeraval waters (Rao, 1985). 
Relative abundance of sciaenids in Andhra-Drissa coast 
has been observed by Rao (1976). Muthiah(1982) has studied 
the fishery of Johnieops vogleri from Bombay waters. The 
same aspects on Johnius carutta from Madras waters have been 
studied by Yivekanandan (1985). 
Little work, however, has been carried out regarding 
the population dynamics of sciaenids. Rao (1968) studied 
the mortality rate and yield per recruit of "Ghol", 
Protonibea diacanthus from Bomba " waters. Murthy (1984, 89) 
has estimated the yield per recruit and assessed the stock 
of Johnius carutta from Kakinada waters. 
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Many species of sciaenids are found in Indian waters. 
The investigators Cuvier (1930), Bleeker (1945), Weber and 
de Beaufort (1939); Chu, Lo and Wu (1963), Talwar (1970), 
Mohan (1972, 1976, 1982), Druzhnin (1972), Trewaves (1977) 
and Day (1981), have enriched our knowledge on the group. 
The species occurring in the Indian waters are as follows 
(Trewaves 1977, FAO 1984). 
1. Argyorosomus: 
II. Chrysochiri: 
III. Dendrophysa: 
IV. Johnieops: 
V. Johnius: 
VI. Kathala: 
VII. Nibea 
VIII. Otolithes: 
IX. Otolithoides: 
X. Panna: 
XI. Paranibea I 
XII. Pennahia: 
XIII. Protonibea: 
1. A. amoyensis. 
3. ~ aureus. 
4. E. russelli 
5. :l.. dussumieri 
7. J. vogleri, 
9. J. macrorhynus. 
2. ~. hololepidotus 
6. :l.. !.1!l!, 
s. :l.. aneus, 
10. :l.. belangerii, 11.:l.. carutta, 
12. J. dussumieri, 
14. J. elonqatus 
16. ~ macropterus. 
17. K. axillaris 
18. ~. albida, 
20. &. ~~ 
13. :l.. carouna. 
15. :l.. qlacus, 
19. N. maculata, 
21. Q. cuvieri. 22. Q. ruber 
23. Q. biauritus Restricted to NW 
24. P. microdon Restricted to SE 
25. P. semiluctosa 
26. E. macrophthalmu8 
27. E. diacanthus 
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XIV. Umbrina: 28. £. ronchus Restricted to Pakistan 
29. £. canariensis M 
xv. Macrospinosa: 30. !l. cuja Freshwater spp. lHoogly estury) 
XIV Bahaba : 31- !. chaptis Fresh water spp. 
XVII Pama . • 32. E· pama " " (Hoogly) 
About the species : 
Following species are regularly landed at Ratnaglri 
Fisheries Harbour. 
Johnieops dussumieri 
Johnieops ~ 
Johnieops vogleri 
Johnius belangerii 
Johniu~ dussumieri 
Pennahia macrophthalmus 
Kathala axillar~ 
Nibea maculata 
Otolithes ruber 
Otolithes cuvieri 
Otolithoides biauritus 
Protonibea diacanthus 
However, the two species Johnieops ~ and Otolith~ 
ruber are found in good quantities at Ratnagiri Fisheries 
harbour (Table. 1). During 1980-84. an average percentage 
share of sciaenid landings in the total marine fish production 
of Maharashtra State was 6.6. whereas in Ratnagiri district 
it was 13.3 during the same period. Ratnagiri district 
contributed 29.6% sciaenids to the total sciaenid production 
of the State (CMFRI. 1987). From the present studies. it is 
observed that at Ratnagiri Fisheries harbour 20% and 1~~ 
sciaenids were l anded during 1986-87 and 1987-88 respectively . 
(Table. I ). ~.sina and Q.ruber contrib\!t ed in good percentages 
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to the total sciaenid landings at Ratnagiri (~.~ 43% for 
both the years; O.ruber, 15% during 1986-87 and 27% during 
1987-88) 
Two species studied are:-
Johnieops ~ (Cuvier, 1830) (Plate I) 
Common English name : Sin croaker 
Other names Corvina ~; cuvier, 1830 
Sciaena parva; Gilchrist and Thompson 
1908 
~ ~; Chu.Lo and Wu, 1963 
~ menoni; Talwar and Joglekar 1970. 
Johnius (Johnieops) sina;Trewavas,1977. 
Otolithes ruber (Schneider, 1801) Plate.I) 
Common English name 
Other names 
Classification 
Class 
Sub class 
Order 
Family 
Genus 
. 
. 
.: 
Tiger t oothed croaker 
Otolithus argentus CUvier, 1830 
Otolithes argentusj Chu, Lo ar.d Wu, 
1963. 
Os teichthyes 
Actinopeterygii 
Perciformes 
Sciaenidae 
Johnieops 
Specie s - Johnieops sina(Cuveir,1830) 
Otolithe s 
Species - Otolithes ruber 
(Schneider 1801) 
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Instead of repeating the full names of the species, names in 
short, iT.2.i.!:@ and .Q .ruber are spelled in the text. 
The following studies on J.~ and O.ruber were undertaken 
in this thesis. It includes two aspects; one Biological and 
second population dynamics. The details are as followsl-
Biological studies: 
Food and feeding habits: 
The significance of the studies on food and feeding hAbits 
of fish has been recognised by fishery biologists. The 
distributions and variations in the availability of ·food 
organisms of a species are important factors that may affect 
it's behaviour in respect of it's migration, growth, condition, 
breeding, shoal formation etc. 
The best method for studying the food and feeding habits of 
fish is analysis of stomach contents (Jacob 1948; Pillay 1952; 
Bapat and Bal 1852; Kuthalingam 1956; George £1 al 1968; Rao 
1979 and Nair 1979, 1980). The stomach contents were analysed 
qualitatively to know their major food items and quantitativel y 
to understand their relative abundance and seasonal varia-
tions during September 86 to May 87 and Sept. 87 to May 88 
for two species separately. Intensity of feeding and index 
of preponderance were considered (Natarajan and Jhingran,1961). 
The results of above studies are given in Chapter First. 
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Reproductive Biology : 
The biological studies on reproduction of fish have signi-
ficant importance in the knowledge of stock. This knowledge 
of stock is essential for success f ul management of i~s 
fishery. These biological factors have been studied and 
results are given in this chapter. 
Th~s includes the classification o f maturity stages based 
on their gonad structures and ova diameter studies of two 
species. The spawning season and the frequency of spawn~ng 
were based on the studies of ova diameter f requency polygon 
and the seasonal variations in the maturity stages. The 
state of maturity and spawning were determined by calculating 
the gonado-somatic indices for the two species separately. 
The length at first maturity was assessed by percentage 
occurrence of mature fishes in various size groups. Fecun-
dities of two species were based on the counting of mature 
and ripe ova of those destined to be spawned in the current 
spawning season. Its relations with t he length of the fish, 
weight of the fish and weight of the ovary were studied. 
The pattern of sex ratio of ~.~ and Q.ruber in different 
months .nd dif.ferent size 9roup~_ w~re also observed in 
detail and Chi-square test was applied. 
Age & Growth:-
Length-weight relationship-, I 
Length is generally more easily and more accurately measured 
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than weight. In fisheries, harvest is r eported as the 
weight of total catch. Length and weight are highly 
correlated and relationship is in the mathematical form 
b W-aL • This r e lationship helps in two ways, firstly 
in converting t he length of fish into weight and vice-versa 
and secondly in calculating the cond i tion factor. This' 
condition factor gives the information about t he changes in 
the life of fish at different ages o r lengths, seasons, 
maturity etc. (le eren 1951). 
Separate length-weight equations were cerived for males and 
females respectively. The significance of variation in 
those regressions were tested for two speices. Using the 
length-weight equations the condition factors have been 
calculated for ~.~ and Q.ruber s eparately. The results 
o f aforesaid observations are given i n the third Chapter. 
Age and growth: 
The knowledge in age and growth of a fish is necessary 
for drawing inferences on asymptotic length, asymptotic 
weight, longevity etc . Such information i s most essential 
for assessing the exploited fish stock. Attempts have been 
made to estimate the age and growth, using l e ngth_frequency 
method and studying the hard parts of these species, The 
theoretical growths were estimated by fitting von Bertalanffy,'s 
growth equation using the results obtained from aforesaid 
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methods. The results of all these observations are given 
in the third chapter. 
~op~1.t1on dynamics: 
Management is based on the assessment of the stock by using 
appropriate models. These models require biostatistical 
information of the species subjected for study. For micro-
analytic models different tupes of paremeters at micro-level 
such as, growth and mortality rates are required. These 
models include Beverton and Holt model (1957), Rick e r model 
(1975), Cohort analysis etc. Beverton and Hol,t model 
indicates that yield per recruit is a function of size at 
first capture and fishing mortality. On the other hand, 
macroanalytic models require information at macro level 
such as catch and effort. Under this group come surplus 
production model including Schaefer's model (1954). 
successive removal method, capt ~re-recapture method, relative 
response model (Alagaraja, 1984). 
For this study micro-analytic model was used. Estimates of 
different parameters obtained from biological studies have 
been utilised. The maximum sustainable yield (MsY) was 
estimated at different levels of fishing mortality (F) and 
length at first capture (Lc) and accordingly the appropriate 
measures were indicated for obtaining maximum sustainabl e 
yield. 
Figure 1 
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Table 1 : Total marine fish landi ngs, sciaenidlandi n g s in Maharashtra State and 
Ratnagiri Dist. during 1980-84 (Quantity in Tonnes) 
Ye ar 
Tota l mari ne fish landing in 
the state 
Sciaenid landings in the state 
% of sciaenid in total landings 
of State 
Total marine fish land ings 
in Ratnagiri Dist. 
Sciaenid l a ndings in Ratnagiri 
Dist. 
% of sciaenid in total landings 
of Dist. 
% of sciaenid l andings of Ratnagiri 
Dist in the t o t a l sciaenid landi n~s 
1980 
232000 
13960 
6 .0 
26 064 
2889 
n.1 
of t he state 20.7 
198 1 1982 1983 
273000 253000 270000 
17470 15930 18270 
6 .6 4 6.63 6 . 8 
25 327 4422 5 5 2799 
4 0 12 5940 6797 
15 . 8 1 3 . 4 12.9 
23 . 0 37.3 37. 2 
198 4 
306000 
22590 
7.4 
50683 
6690 
13 . 2 
29 . 6 
Tot a l mari ne fi sh a nd s c iae ni d l a n d ing s a t Ra t nagiri ha rbour during 19 86 - 8 8(Qua ntity in 
To nnes) 
Year 
Tot a l ma r i ne f ish l a nd ing s 
Sci aenid l andi ngs 
% of sciaenid in t he Dist.la ndi ngs 
19 8 8-87 
3 200 
6 50 
20 
1987-88 
6400 
1100 
17 
Species -wise l a ndi ng s a t Ra t nagiri h a r bou r during 19 86-88 (Quanti t y in Tonnes ) 
Year 
Sciaeni d l a ndi ngs 
~ . sina landings 
£ . ruber l a ndi ngs 
1986- 8 7 
650 
280 ( 43 10) 
100 (15%) 
1987-88 
1100 
470 (43%) 
300 (27%) 
...... 
.... 
Otolithes ruber (Schneider, 1801) 
Johnieops ~ (CUvier, 1830) 
PLATE I 
" < , 
< 
" 
, 
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CHAPTER -1 FOOD AND FEEDING HABITS 
Introduction : 
studies on food and feeding habits of fishes help 
in understanding the various aspects of the biology of 
the fishes such as, feeding adaptations, growth, fecundi-
ty, migrations and seasonal variations in the condition 
etc. It also helps commercial f isheries in forecasting 
the movements of fish into or out of their feeding 
grounds. 
The food and feeding habits of fishes becomes 
difficult to observe in their natural surroundings unless 
with modern diving equipments which are costly and time 
consuming procedure. Though it can be studied by rearing 
the fish in aquarium tank maintaining as far as possible 
the same natural conditions, the behaviour of the fish 
under artificial conditions may be different and it may 
not give the correct information regarding the natural 
food and feeding habits of fish. Sometimes it may be 
impossible to determine accurately what it feeds on, since 
many factors like condition of the fish, kind of prey, 
choice of fish for the prey, defensive mechanism of the 
prey, attractive nature of the prey, the behaviour of the 
fish in the presence of its prey and its predator, 
migration, spawning,availabllity of food, environmental factor s 
etc. are the variables which affect the food and feeding 
habits of fishes. 
• 
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However, the best method of ascertaining its food 
is the examination of its gut contents. Though many 
times, the food in the gut gets partially or fully digested, 
the remains of food items help to trace the type of food 
and feeding habit of fish. This method has been adopted 
by many sCientists,(Jacob, 1948; Pillay, 1952; Bapat and 
Bal,1952; Kuthalingam, 1956; George and et ll" 19"68; Rao, 
1979; Nair, 1979 and 1980). 
Brief studies on the food and feeding habits of 
l. ~ have been made by Venkataraman (1960); George 
, 
et al (1968); Nair (1980); Bhusari (1975), Some 
information on the feeding habits of 2. [uber is published 
by Jacob (19 48 ) ; Ch2cko ( 1949 ), Vci dya (1960); 
Venkataraman ( 960) ; Sus eel an and ~:a ir (1969) anc. 
Nair (1979). 
Literature shows that the studies on food and 
feeding habits of sciaenids have be en made in Indian 
waters. However, details on food and feeding habits of 
these two species from Ratnagiri waters have not been 
studied except a brief information by Bhusari (1975) on 
l.~. Hence in this Chapter, the food and feeding 
habits of these two species off Ratnagiri is considered 
and results obtained from the present studies have been 
compared with the earlieT- works. 
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Material an c methods : 
Specimens were collected from Mirkarwada Fisheries 
harbour. A total of 1241 specimens of ~.~ and 577 
Q.ruber have been used for the investigation . After 
noting their degree of distension of stcmach , stomachs 
we re preserved in 5% formalin f or subsequent analysis. 
Qualitative analysis was made by identifying food 
items upto generic!specifi level wh e rever possible. 
Partially and fully digested food items which could ne t 
be identified, were included under mis cellaneous food 
items. The quantitative analysis of the sto~ach contents 
was carried out by points method (Hynes, 1950),volumetric 
method (Pillay, 1952) and occurrence method. In points 
method, pOints were alloted to different food items according 
their proportion in the stomacr. contents and later summed up 
and percentages were calculated •• The volumetric method was 
carried out by noting the volume dis placement by each of the 
food items in the stomach. In occurrence method, the 
percentage occurrence of different food items for each f is h 
were noted and scaled down to percentages. Since the two 
species under are known to carnivorous, the index of 
preponderance was attempted (Natarajan allu Jhingran, 1961). 
The incex was calculated for eve ry month by using the 
following equation. 
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Inded of preponderance = IVi x Oi 
Vi x Oi 
x 100 
Where. Vi = Percentage of volume 
Oi = Percentage of occurrence. 
6 
The feeding intensity (Raw. 1964) was determined 
by noting down the degree of distension of stomach 
wall. The degree o f distension of stomach wall 
depends upon the amount of food contained in it. 
3 1 It was clas sified as gorged. full ~ full. 12 full. 
1~ full. trace and empty. Average feeding intensity 
was calculated by grouping fish as 1) actively fed 
when stomach was gorged. full and ~ full. 2} modera-
tely fed when 1~ full 3) poorly f ed when ~ full and 
4) empty when traces of food is noticed or empty . 
Variation in feeding intensity with reference to 
size of fish. season and food pre f erence was 
calculated. 
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Results I 
Johnieops sina : 
Qualitative composition: A qualitative analysis 
of the stomach contents of d. sina from Ratnagiri waters 
showed that, it feeds mainly on organism from the epi-and 
in-fauna of the shallow coastal waters. Larger fishes of 
the species frequent in mid and lower layers of the water 
column for more varied and larger prey ~ rganisms. The 
data showed that it preferred smaller organisms without 
hard spines etc. Some of the most dominent prey organi-
sms were teleosts, penaeid prawns, squilla and Acetes spp. 
A detail list of the food components is given below I 
Teleost s: CoUia dussumhr1 
Trichiurus lepturus, 
Leiognathus spp., 
Pennahia 
macrophthalmus. 
Thryssa malabarica. 
Cynoglossus bilineatus. 
Lepturacanthus savala. 
Stolephorus spp., 
Nemipterus laponicus. 
Thryssa mystax. 
Prawns: Penaeld prawns: Parapenaeopsis stylifera, 
Metapenaeus affinls. 
Metapenaeus dobsoni. 
Penaeus mergulansis 
Non penaeid 
prawns 
: Solenocera indica. 
"cates indicus. 
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Stomatopod : Squilla : Oratosquilla nepa 
Molluscs 
Other crustaceans : Crabs, Hermit crabs etc. 
I Squid 
Cuttle 
fish 
• 
• 
• 
• 
Loligo duvauceli 
Sepiella inermis 
Polychaetes : Nereis 
Miscellaneous: Partly and fully digested food, scales, 
sand, mud, crustacean remains, unidenti-
fiable animals etc. 
Intensity of feeding : 
It was ascertained from the degree of distension 
of the stomach. The percentage of occurrance of fishes 
with different intensities of feeding are given in Table(2 ) 
for the periods 1986-87 and 1987-88. 
Monthly analysis of data (Table 2 ) showed that 
the percentages of actively fed l. ~ were high during 
January 1987 (32.28) April 1987 (33.21), February 1988 
(38.27) and April 1988 (53.78). The percentages of 
moderately fed fishes were high in March 1987 (44.90) and 
April 1988 (30.06). Poorly fed fishes occurred in low 
• numbers during October 1986 (19.43%), March 1987 (21.83%), 
April 1987 (18.77%), February 1988 (25.13%), March 1988 
(7.52%) and April 1988 (16.16%). Low percentages of 
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fishes with empty stomach were noticed during January 87 
(23.37), February 1988 (17.22) and April 1988 (0.00) 
and high in the rest of the months. It showed that l. s i na 
fed actively and moderately in some mo n'h s and poorly in 
rest of the year. 
Juveniles: The percentages of poorly fed juveniles 
were high followed by the percentages of actively fed ones, 
fishes with empty stomachs and moderately fed ones during 
both the years (Table 4 ). 
Adults: During 1986-87, the percentage of adult 
fi shes with empty stomachs was high follo.wed by the perce-
nt ages of poorly fed, actively fed and moderately fed ones, 
whereas during 1987-88, the percentage of poorly fed adults 
was high followed by the percentage s of adults with empty 
stomachs, moderately fed and actively fed ones. 
Variations in the percentage intensities were not 
noticed in juveniles during both the years but adults 
showed variations in the percentage int ~nsities during bot h 
the years. The percentage of actively fed juveniles wa s 
higher than that of adults. This may be because of higher 
growth rates in initial stages of life when juveniles 
require more food. In adults the percentage of actively 
fed ones was low for which the rea son may be that they 
might have digested the food quickly resulting into empty 
stomachs. 
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Food composition and seasonal variation I 
The relative importance of food organisms was 
studied by index of preponderance method which are given 
in Fig. 2,3 and Table 5,7 and 8 . 
The food items were grouped into following main 
eight groups - (1) Teleosts : small fishes and juveniles 
of wide variety of demersal fishes were included under 
this group. (2) Penaeid prawns: It consisted of larvae 
and young ones of penaeid prawns (3) Acetes spp.: It 
included Acetes indicus species only. (4) squille -
-
Squilla-(Oratosguilla nepa) only formed this group. (5) 
Crabs: All small crabs and hermit crabs including young 
ones were put under this category. (6) Molluscs I Squid, 
cuttle fish and molluscan larvas were included in this group. 
(7) PolychaeteSI It included all polychaete worms (8) 
Miscellaneous : Partly and fully digested food items which 
were difficult to identify them, scales, mud, fish flesh 
and unknown animal remains were included under this group. 
In order to understand the seasonal fluctuations of 
different food items, the index of various food items 
during different months were calculated and prescribed in 
Fig. 3, 
Teleosts formed the most important food item in 
l. !!2! penaeid prawn, Acetes sop_ and squilla constituted 
the major food components while crabs, polychaetes, 
molluscs and miscellaneous items formed minor food 
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constituents. During 1986-87 teleosts were consumed in 
highest quantities (~4.91%) followed by penaeid prawns, 
squilla, miscellaneous, polycheaetes, Acetes spp., crabs 
and molluscs in their order of preference. Similarly 
during 1987-88, teleosts occupied the first rank (~2.94%) 
followed by Acetes spp., penaeid prawns, squilla, poly-
chaetes, miscellaneous, molluscs and crabs in their order 
of preference. 
Teleosts: Teleosts ranked fir st in the food it em 
of l. ~ during both the years (in 1986-87, ~4.91 % and 
in 1987-88, ~2.94%). During 1986-87, it was the highest 
during December 1986 (70.46%) and the lowest during May 
1987 ( 6.5%). During September to December, 1986 and 
March 1987 the values were high and low in other months. 
In 1987-88, the index was the highest during December 87 
(78.92%) and the lowest during February 1988 (28.48%). 
In other months the indices were high. For the year 1986-87, 
the values varied widely as compared to that of the year 
1987-88. Low indices were no t. iced during 1986-87 and high 
were during 1987-88 (Table7,8 ). 
Penaeid prawns: * It was an important food item of 
l. l1n!. During 1986-87, it ranked second (11.~3%) next 
to teleosts and in the next year third rank (16.88%) next 
to Acetes spp. But the percentage was greater during 
1987-88 than that of the previous year. The indices ranged 
from 0.68% (February 1987) to 32.26% (May 1987) during 
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1986-87 and from 1.65% (December 1987) to 45.72% 
(May 1988) during 1987-88. High percentage was noticed 
only in September 1986 (30.34%) and the low in rest of 
the months during 1986-87. During 1987-88 the indices 
were high during September 1987 (27.01 %). October 1987 
(25.18%),January 1988 (22.89r' and March 1988 (37.84%) . 
Monthly values varied widely during both the years (Table 7 ,~. 
Acetes spp. : Acetes was represented by a species 
Acetes indicus formed one of the main food component of 
l. sina. During 1986-87, it ranked sixth (2.96%) and 
second during 1987-88 (20.51%) in order of importance. 
During 1986-87, it was low during December, 1986 (0.13%) 
and high in September 1986 (22.29%). Except the values 
during September 1986 (22.29) and May 1987 (12.90%) all 
values in rest of the months remained low. Similarly 
during 1987-88, the values were the highest during AprU 88 
(41.94%) and the lowest in February 1988 (2.53%). The 
values during September 1987 (27.59%),October 1987 
(31.45%) and January 1988 ( 31. 48 %) were high while in 
other months were low. Monthly fluctuations were wide 
during 1987-88 when compared to that of the previous year. 
Squilla I It was another important food item of 
this species. Only juvenile squillas were noticed in the 
stomachs of this species. Very rarely adult squillas were 
occurred. It ranked third(10.15%)during 1986-87 and four th 
(3.38%) during 1987-88. For the year 1986-87, the h~ghest 
25 
values were observed during February 1987 (62.68%) and 
the lowest during December 1986 (0.27%). For the year 
1987-88, the indices ranged from 0.46% (September 1987, 
March 1988) to 34.80% (February 1988). Monthly as well 
as yearly wide fluctuations were observed. 
Polychaetes: This group was represented by wide 
specimen of bottom living free and tube dwelling forms. 
The indices of polychaetes, occupied fifth rank during 
both the years (in 1986-87, 8.31 % and in 1987-88,2.23%). 
The index values of 86-87 fluctuated within a narrow range 
from 1.12% (November 1986) to 12.18% (December. 1986) 
except in April 1987 (36.30%). During 1987-88 the indices 
varied within a very narrow range f rom 0.50% (May 1·?88) 
to 2.74% (March 1988). High values were not noticed in 
both the years, except the value during April 1987 
(36.30%). 
Crabs: Crabs secured seventh rank (1.48%) in 
food items of l. sina during 1986-87 and eight (0.84%) 
rank during 1987-88. The values varied within very narrow 
range and almost low in all months of the two years 
except during February 1988 ( ~ 5 .32% ). 
Molluscs: This food item ranked eight (1.37%) 
among the other food items of l. ~ during 1986-87 and 
seventh (1.34%) during 1987-88. In both the years the 
values were low and varied within narrow range. 
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Miscellaneous: Miscellaneous group of food item 
ranked fourth (9.29%) and sixth (1.87%) during 1986-87 
and 1987-88 respectively. The indices varied within 
0.99% (September 1986) to 22.57% (May 1987) during 
1986-87 whereas during 1987-88, the same varied within a 
very narrow range from 0.00% (February 1988) to 2.10% 
(April 1988) except during November 1987 (17.84%). 
Variations in food with size I 
The stomachs of fishes of length 5.0 to 21.0 cm 
were studied and the observations grouped into eight 
groups at 2.0 Cm class sizes. Variations in food items 
were shown by index of preponderance (Fig. 2 ). 
Fig. 2 showed that the food of juvenile fishes 
of length 5.0 to 7.0 cm was mainly constituted of Acetes 
spp. (64.00%) followed by miscellaneous, (24.00%) squilla 
spp~penaeid prawn and polychaetes (4.00% each). No 
teleosts as food was observed in their stomachs. In the 
next length groups i.e. from 7.0 to 9.0, cm, the juveniles 
consumed penaeid prawns in highest quantities (56.24%) 
and hence percentages of Acetes spp. was low (6.25%) as 
compared to that of the previous length groups. The 
fishes from 9.0 to 11.0 cm size groups gradually switched 
to teleosts as food but its percentage share was low (1.10%). 
upto 11.00 cm length groups, Acetes spp., squilla and 
penaeid prawns formed the major food items of these fishes. 
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The Fig. 2 clearly showed that the juvenile fishes 
upto 11.0 cm size preferred crustacean diet. 
The fishes from 11.0 Cm length group onwards 
showed high percentages of indices of preponderance of 
teleosts. Besides teleosts, penaeid prawns, squilla spp. 
and Acetes spp. constituted important food items. In 
short, juveniles mostly fed on small prey organisms lik e 
Acete$ spp., young ones of _squiUa spp., penaeid prawns 
and polychaetes. As the fish grow in size, they preferred 
large organisms like teleosts penaeid prawns, squil~a spp. 
Acet8s spp. etc. with f luctuating quantities. 
Otolithes ruber : 
Quantitative composition: This species is also a 
bottom feeder and highly carnivorous. Similar t o l. ~ 
this species also fed on organisms from the shallow terrains 
of the sea bottom. It also avoids the prey having hard 
spines or so. No bigger prey had been noticed in their 
stomachs. The details of the food items are given below. 
Teleosts : Coilia dussumieri, Cynoglossus bilineatus. 
Trichiurus lepturus, Lepturacanthus savala. 
Leiognathus spp., Stolephorus spp., 
Pennahia Johnieops dussumieri. 
sacrophthalmus, Johnleops sina, 
Saurida tumbil, Tachysarus dussumi«ri, 
Nemipterus japonicus, Thry~ mystax. 
Thryssa malabarica, Therapon jarbuo 
Prawns : Penaei prawns 
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• 
• 
Non penaeid prawns: 
Stomatopod : Squilla • • 
Parapenaeopsis stylifera. 
Metapenaeus affinis. 
Metapenaeus dobsoni, 
Penaeus merguiensis. 
Solenocera indica. 
Acetes indicus. 
Oratosguilla nepa 
Other crustaceans I Crabs, Hermit crabs etc. 
Molluscs : Squid • • 
Cuttle fish : 
Polychaetes : Nereis 
Loligo duvaucel1 
Sepiella inermis 
Miscellaneous: Partly and fully digested food, scales, 
sand, mud, crustacean remains, unidenti-
fiable animals etc. 
Intensity of feeding: 
The percentage occurrence of intensities of feed1ng 
for the periods 1986-87 and 1987-88 are given in Table 3 • 
The percentages of actively fed fishes were high 
during March to May, 1987 (27.71%, 42.32% and 37.05% 
respectively), November 1987 (26. 2 8~ ) and April 1988 
(36.49%) and it was low in the rest of the months. It was 
lowest during J nuary and February 1987 and January 1988 
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(0. 00% in each month). The percentages of moderately 
fed ones were high during March 1981 (29.13%), November 
1981 (33.40%), December 1981 (29.30%) and January and 
May 1988 (45.11% , 28.21% respectively) while in other 
months it was low. During March 1988 it was lowest 
(0.00%). The percentages of poorly fed wer e low during 
November 1986, (16.49%), January to May, 1981 (14.82% 
15.54%, 9.84%, 14.38% and 21.80% respectively). During 
1981-88, it was high in March 1988 (44.00%) and Apr~l 
1988 (32.19%) while in other months it was low. The 
percentage of fishes with empty stomachs were low during 
September 1986 (16.02%), May 1981 (16.59%), December 
1981 (22.29%) and April 1988 (11.84%) and high in other 
months. 
Juveniles: Actively fed juveniles were the 
highest in percentage during both the years (in 1986-81, 
32.86% and in 1981-88 35.29%) 'o llowed by the percentage s 
of juveniles with empty stomachs in both the years (1986-81 , 
26.29% and in 1981-88, 33.36%). The pereentages of 
moderate and poor feeding intensities were low in both t he 
years and different in different years (Table 4). 
Adult: The percentages of fishes with empty 
stomach were the highest during both the years (in 1986-87, 
42 .64% and in 1987-88, ,46.92) followed by those of poorl y 
fed, moderately fed and actively fed (Table.4) 
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Percentages of actively fed ones were higher in 
juveniles than that of adults and in adults the percentages 
of empty stomachs were higher than that of juveniles. The 
reasons cited for J. sina may be applicable for this 
- -
species also. 
Food composition and seasonal variation : 
The percentages of occurrence and volume and index 
of pre-ponderance of food items are given in Table 6, 9 and 10 
and Fig. 5 • 
The foo d of o. ruber was grouped into seven major 
groups. (1) Teleosts : Juveniles and small sized fishes 
were included in this group. (2) Penaeid prawns: It 
included the larvae and juveniles of penaeid prawns (3) 
Acetes spp.:Acetes indicus was the only species found in 
the stomach of the fish. (4) . squillb. I Squllla ~ 
(Oratosguilla nepa) had put in this category (5) Molluscs : 
Juveniles of squid and cuttle fish were included under 
this group. (6) Polychaetes : It included all polychaete 
worms. (7) Miscellaneous : Partly and fully digested food 
items, scales, mud, flesh of big fish and unidentified 
material were put under this category. Fluctuations in 
different food items during different months were studied 
with the help of indices (Table 9 ,1 0 ). 
Teleo st formed the major food item of Q. ruber during 
both the years. During 1986-87, the index of the teleost 
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was first (46.23%) followed by Acetes spp., Squilla, 
penaeid prawns, molluscs, miscellaneous and polychaectes 
in order of preference of food. In the next year (87-88) 
teleosts ranked first (47.23%) followed by Acetes spp., 
penaeid prawns, miscellaneous, squilla .• polychaetes 
and molluscs in their order of preference of the food item. 
During both t he years, except the indices of teleosts and 
Acetes spp., all other indices varied. 
Teleosts : During 1986-87 the indices varied from 
13.83% (December 1986) to 69.3~% (November 1986). Ex cept 
the value (13.18%) during December 1986, the values in 
other months were high. During 1987-8~, the indices ranged 
from 9.71% (February 1988) to 92.92% (September 1987). 
I 
High values were noticed during Octobe~ to December, 1987 
(28.99%, 33 .01% and 37.47% respectivel i ) and it was low in 
I 
next of the months. The indices varied widely during 
1987-88 as compared to that of 1986-87. 
I 
i 
Penaeid prawns : Penaeid prawns ~anked fourth 
I 
(11.21%) during 1986-87 and tr .... rd (10.07%) during 1987-88. 
Except the value of December 1986 (32.65%), the indices 
varied within a narrow range from 0.17%~November 1986) 
to 11.12% (March 1987), Similarly during 1987-88 except 
the value during October 1987 (49.71%) all other values 
varied within a narrow range from 0.00% (February 1988) 
to 9.70% (January 1988). 
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Acetes spp., It was consumed in high quantities 
occupying second rank in food items during both the years 
(in 1986-87, 22.41 % and in 1987-88 37.64%). It formed the 
major food item next to teleosts. The indices varied from 
2.21% (November 1986) to 57.80% (May 1987) during 1986-87 
and during 1987-88 it varied from 0.53% (September 1987) 
to 84.95% (February 1988). The values fluctuated v. idel y 
during 1987-88 as compared to that of 1986-87. Low values 
were noticed during November 1986 (2.21%). September 1987 
(0.53%) and October 1987 (13.02%). In the rest of the 
months the values were high. 
?quilla : Squilla was also an important 
food item of this species. It ranked third (13.65%) during 
1986-87 and fifth (2.15%) during 1987-88. During 1986-87 
the monthly values varied fro m 0.55% (December 1986) to 
26.35% (November 1986), and during 1987-88 from 0.00% 
(October, December 1987) to 8.17% (November 1987). The 
indices fluctuated widely during 1986-87 as compared to 
that of. 1987-88. 
Polychaectes : Polychaetes ranked seventh (0.12%) 
and sixth (0.49%) during 1986-87 and 1987-88 respectively. 
During both the years the values varied within a very 
narrow range from 0.00% to 1.83%. It formed a very minor 
food item of Q. ruber. 
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Molluscs: It's indices ranked fifth ( 4 . 6~/J' 
and seventh (0,20%) during 1986-87 and 1987-88 respecti-
vely. It was observed in very few months, November, 
December, 1987 (0.04%, 9.53% respectivelY),January 1988 
(0.13%) and March, April 1988 (0.62%, 0.78% respectively) 
and absent in rest of the month during both the years. 
Miscellaneous: It occupied sixth position 
( 1 .7~~ and fourth one (2.22%) during both the years 
respectively. Miscellaneous f ood items were noticed in 
all months of the two years but within very narrow ranges. 
Variations in food with sizesTwo years data pooled 
together and the observations were grouped for 2 cm class 
sizes of fishes and the data were represented by index of 
preponderance (Fig. 4 ). Variations in food were 
observed between juveniles and adults. 
The fishes from 5.0 to 21.0 cm length were 
considered as juveniles and 21.0 cm onwards adults, since 
the size at first maturity was 20.6 cm (Fig. 14 ). The 
juveniles from 5.0 to 15.00 cm were mainly fed on 
prawns (penaeid and Acetes indicus.) As they grow in 
size (15.0-21.0 cm)p the juveniles gradually switched 
on to teleosts but its percentage was very low and mainly 
fed on crustacea ns. In fishes, 21.0 cm length group 
onwards - high percentages of teleostSW919 noticed. The 
food of adults olso included other food itoms 1n next order. 
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Penaeid prawns and Acetes indicus were the main food 
components of juveniles where as teleosts, penaeid prawns, 
Acetes indicus and squilla spp. formed the major food 
constituents of the adults. 5quilla spp. was noticed in 
the food of adults but large variations observed in 
indices. The index values of polychaetes and misce llaneous 
food items varied in narrow ranges for all length groups . 
Feeding habit : 
l. sina: This species being carnivorus, possesses 
teeth widely aparted. It is also demersal and mouth is 
little inferior, so mostly feeds on demersal organisms 
like penaeid prawns, Acetes indicus. polychaetes, crabs, 
molluscs, squilla spp. demersdl fishes etc. But they 
prefer teleosts first . 
Juveniles do not migrate to different levels of 
water column because of inability of quick and fast 
movement during danger of predat ion . So they remain 
mostly near the bed and has to feed on demersal fauna 
where they mainly feed on crustacea ns. Since there is 
less fear of predation, as compared to that of juveniles, 
adults~igrate to different strata of the sea and prefer 
teleosts. Hence the food of adult fishes contained high 
percentages of teleosts followed by other organisms 
including demersal ones. So between juveniles and adults, 
clear chang e over of food from crustaceovore to piscivore 
wa s seen. 
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Q. ruber It is also a highly carnivorous fish, 
it's teeth are placed apart. Strong canines present and 
mouth is turned upward. So this fish feeds on all organi sms 
available in all levels of water column mainly teleosts and 
followed by bottom fauna because of demersal habitat. It' s 
upturned mouth helps it to catch the pre,organism from all 
layers. 
Like J. ! ina, juveniles and adults 8howed two dif fer-
ent types of habits. Juveniles remain near the bottom 
because of the same reasons cited for ~ sina and feeds on 
the demersal organisms. It's food was mainly constituted 
by crustaceans followed by teleosts and other organisms. 
Adults migrate up the water column and prefer teleosts and 
i~s food contained mainly teleosts. Adult also takes the 
demersal food organisms like, penaeid prawns, squilla spp. 
etc. Like~. sina as the fish grows, it changes it's food from 
crustaceans to teleosts. 
Juveniles and adults of both the species take, 
teleosts, penaeid prawns, squilla spp., Acetes indicus, 
molluscs, polychaetes, crabs etc. But the food of juveniles 
of both the species consi sted of more crust aceans wheroa s 
th e food of adults included teleost s in high percentago8 . 
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Many time !1 fish prey were ob served in the mouths 
of these two species. In the mouth as well as in the 
stomach, the ant rior end of the prey was in the direction 
of the tail of the predator. It showed ,'1St these two 
species do not chase or persue (behind it) the prey fish 
but attacked the prey face to fac e and engulf them. 
Mouths of these two species can be open widely so they 
can swallow the prey. They do not crush or tear the prey 
into pieces since no crushed as well as torn organisms 
were noticed in their stomachs. These two species prefer 
small fishes with linear shape and without any hard 
structures like spine etc. 
Discussion 
These two species, 1. sina and Q. ruper mostly 
occur in the inshore water feeding on benthic food availa-
ble on the shelf region. The food tn the fishes is generally 
dependent upon the ecological conditions and hence their 
food components ar e based on their habitat (Qasim, 1972). 
Body shape, mouth position and structure are different in 
different fishes and correlated to the type of food that the 
fish feeds (Keast and Webb , 1966; Chao and Musick, 1977). 
These two species being carnivorous, have widely spaced 
teeth which are morphologically adopted to feed on organi-
sms in mid-water and lower region of the sea. In Q. ruber, 
the teeth are larger than that of I. ~ and mouth is 
upturned and hence this species is actively carnivore 
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feeding in wide area. 
Following Longhurst (1957), I. sina and Q. ruber 
can be categorised as fishes feeding on slow and active 
members of the bottom and are also mainly ichthyophagus. 
Sciaenids general ly prefer crustacean diet composed 
chiefly of shrimps ( Rao, 1979). The most of the 
food organisms of I. sina and Q. r llber were active 
swimmers . Juveniles of both the species fed mainly on 
penaeid prawns nnd AClltes indicull :I n larg e quantities. 
The adults are roore active carnivor e feeding mainly on 
teleosts following penaeid prawns, Squilla , polychaete 
etc. These diffe rences were observed becau se of the~r 
different habitats of juveniles and adults. 
Number of fishes as food wa s more in Q. ruber as 
compared to that of I. !!n!, small size fishes and juveniles 
of various species were notices in the food of both the 
species. In Q. ruber, the sizes of fish prey were largl!r 
than that of I. sina. Many fish species were common in 
the food of both the species, except Saurida tumbil, 
Tachysurus spp., Therapon spp. sc i aenid spp. which were 
represented a s food in Q. rub.er 
absent in the fetod of Q. ruber. 
only. Crabs were almo at 
The percentages of 
polychaetes and molluscs were also low in the diet of 
O. ruber as compar ed to that of J. sina 
- -
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venkatar ana n (1960) reported that prawns, pol ycha-
etes, teleosts, Acetes spp. and amphipods were the chief 
food items of ~ . ~ from Calicut waters. It showed 
that the bottom feeding nature of the species . George et 
al (1968) observed mysids, sergest i dae, caridean, penaeid 
prawns and polychaetes in stomachs of ~. ~ from Cochin 
waters. The stomach contents of species along south Kerala 
coast as given by George et al (1970) consisted of fishes, 
amphipods, sergastidae, megalops and alima larvae, caridean, 
penaeid prawns, and polychaetes. According to Bhusari 
(1975) the food of ~. ~ from Ratnagiri waters consist ed 
of teleosts, prawns, squilla, amphipods, polychaetes and 
molluscs. Mohan (1977) reported that, teleosts, prawns, 
crabs, and Acet us spp., were the food items of ~. sina from 
Mandapam. Nair (1979) found plank tonic fo r ms in the diet 
of juveniles followed by small prawns, Ac ete s spp., amphipod , 
mysids and other miscellaneous items . In the food of 
adults, teleost s formed the chief f ood item followed by 
prawns, polycha utes, amphipods, squilla spp . etc. This 
shows that the f ood of ~. ~ includes almost the same 
food items with one or two additional organisms in many 
places. But the percentage composition of different food 
items are different from region to region. 
Juveniles of Q. ruber were fed on small oranisms 
like Acetes spp., prawn larvae, fish larvae, polychaetes 
etc . As f ish grows it gradually changes on to more 
~<> 
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carnivorous and predaceous feedi ng mainly on teleos~! .' 
... 
prawns,squilla atc., Jacob (1948 ) observed the pisci t,J)r,~ 
' 1>\f <-
nature of Q. ruber. Chacko (1949) observed that this ~ '(~~ 
species was carnivorous and predaceous at surface and 
mid-waters feed i ng with the help of canines . Bapat and 
Bal (1952) reported that the p_awns were the main food 
of juveniles of Q. ruber and in more advanoe forms fish 
as food item wa s taken in increasi ng percentage until! 
finally it formed the major food i tem of the adults. 
Venkatraman (1960) reported that the fi ~h was mainly a 
carniovorewhere teleosts formed major food item. Vaidya 
(1960) recorded that the adult from Bombay was carnivorous 
feeding on tel eosts crustaceans and 'cephalopods The post 
larvae and juveniles were plankton feeders feedi ng on 
crustaceans. Suseelan and Nair (1969) observed the prawns 
and teleosts formed the major constituent of it's diet 
along Bombay coast. The other it ems like stomatopods, 
amphipods, isopods, copepods, cephalopods and salps 
formed part of food. Nair (1979) pointed out that the 
juveniles from Calicut waters fed mainly at surface on 
zooplankton and pelagic animals and the adults f ed on 
prawns, tel eosts on large SCalf!. 
In both speci es, high percen t ages of actively f d 
f ishes were observed i n few months otherwise poor ly f ed 
percentages were common in most of t he months. No 
seasonal intense feed ing act i vity and no r egular periodicity 
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were noticed in both the species over the two years of 
period of studies (Fig.3,5). The percentages of actively 
fed juveniles were higher than tha t of adults and 
percentages of poorly fed fishes increased with the leng t h 
of the fish. High percentages of fishes with empty 
stomachs were occurred in higher length groups. 
As compared to adults of Q. ruber, percentages of 
, 
actively fed adults of ~. sina were more and occurred in 
most of the months. In Q. ruber, the percentages of poorly 
fed and with empty stomachs were higher than those in 
~. sina particularly in adults. In juveniles of both the 
species high percentages of actively fed ones were noticed 
in Q. ruber as compared to that of juveniles of ~. sina. 
but in both speci es, perc entage in t ensity is higher than 
other types of int ensities. Simil arly the perc entages of 
juveniles with mpty stomachs were higher in Q. rube! as 
compared to that of juveniles of ~. sina. 
According to Nair (1980), ~. sina was poorly fed 
and indicated no regular periodici t y in the intensities 
of feeding in different seasons. He found comparatively 
high percentages of actively fed juveniles and adults 
during few months. Nair (1979) reported the predominance 
of poorly fed fish i n most of the months and no seasonal 
intense feeding activity. According to him, the percentage 
of actively fed fishes was higher in smaller size groups 
than in larger size groups and the percentage s of fish~~ 
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with poor feeding activity generally increased with the 
length of the fish. Similarly in Q. ruber, the fluctuations 
in the intensity of feeding were observed by Vaidya (1960) 
and Suseelan and Nair (1969) from Bombay. Pillai (1983) 
accounted that food intake in Q. ruber from Port Novo, 
was intense in lower size groups and it wa& moderate and 
poor in larger si ze groups. So thnse findings are agreeing 
well with the pre sent findings. 
Both species being active carnivorous, fed ma( nly 
on teleosts and invertebrat~5 thos e live at or near the 
sea bed. But they preferred teleosts first and hence 
they consumed tel eosts in the highest quantities followed 
by prawns, stomatopods, polychaetes etc. In l. sina, 
during 1986-87, the order of importance of food items was 
teleosts, penaeid prawns, stomatopods, miscellaneous, 
polychaetes, Acetes indicus, crabs and molluscs and for 
1987-88, teleosts, Acetes indicus, penaeid prawns, 
stomatopods, polychaetes, miscellaneous, molluscs and 
crabs. Similarly in Q. rube;, during 1986-87, the order 
of preference was teleosts, Acetes indicuI, squill.a, 
penaeid prawns, molluscs, miscellaneous and polychaetes 
and for 1987-88 teleosts, Acetes indicus, penaeid prawn, 
miscellaneous, s ,=!uilla , polychaetes and molluscs. In 
l. sina, during both the years, teleosts and polychaetes 
retained their ranks as first and fifth respectively and 
in Q. ruber, teleosts and Acetes indicus ranked first and 
second respectively for the said two years. Except these 
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indices, other values varied during both the years in two 
species. It showed that they preferred teleosts first and 
then other food items. In all months except teleosts, the 
values of indices of all food items varied during both 
the years and hence no regularity in indices of food items 
was observed in both species auring different seasons. 
The indices of major food items varied within wide ranges 
whereas those of minor ones varied within narrow ranges. 
Nair (1979,80) reported that the order of preference 
for food in Q. ruber was penaeid prawn, teleosts, Acetes spp. 
mysids and others and for l. sina it was teleosts, penaeid 
prawns, polychaetes, squilla and others. He pointed out 
that juveniles and adults of both the species preferred 
crustaceans and teleosts respectively. He also reported 
that dominent species in environment dominated in stomachs. 
Suseelan and Nair (1969) found that teleosts and Acetes spp. 
constituted the diet of these two species along Bombay 
coast. So these observations are well agreeing with the 
present findings. Nair (1979,80) reported that the indices 
of all food items for these two species fluctuated widely 
during all months and during the years of study. No 
similarity regarding food indices were noticed by him. 
He also r eported that the food items like teleosts, prawns, 
polychaetes, molluscs, squilla were not observed in all 
months of the years. But in the present studies major 
food items like teleosts, penaeid proawns, squilla e t c. 
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occurred in all months in both the species in varying 
percentages. 
Juveniles of both species mostly f ed on small 
prey organisms like Acetes spp., young ones of squilla, 
penaeid prawns, and polychaetes. As juveniles grow they 
changed over slowly to teleosts diet . In the beginning, 
percentages of teleosts were low but gradually becam~ 
more as they grow in size. The percentages of teleosts 
food were high in large groups of both the species. 
Na ir (1980) reported that prawns, Acetes spp., mysids 
formed the food of juveniles of ~. sina with minor quantiti es 
of teleosts while teleosts, penaeid prawns, squilla and 
polychaetes constituted major f ood of adults. He also 
stated that the juveniles changed their food as they grow 
in size from more crustaceovore to piscivore, Nair (1979) 
reported that in Q. ruber, teleosts were reported in all 
size groups in minor quantities and it's indices increased 
with increase in size. Bapat and Ba l (1952) r eported that 
prawns were the main food of juveniles of O. ruber and in 
. -
larger fish classes fishes were found to domina t e the 
diet untill finally it formed the major food item of the 
adults. These findings are in agreement with the present 
findings. 
Juveniles and adults of both speCies showed two 
different feeding habits. Juveniles remained at the 
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lower level of sea and hence their food consisted of 
bottom fauna while the adults being migratory their food 
contained prey organisms in wide r ange from all layears 
of water column. Both are carnivorous, so teeth are 
well developed and widely spaced. They catch the prey 
organisms from their front side and engulf them. They 
do not tear or crush the organism as evidenced by presence 
of whole intact organisms in their stomachs. As the 
juveniles of both species grow in size, slowly they 
switch on to piscivorous nature. Nair (1979, 80), in 
O. ruber and J. sina, showed the direct correlation 
- --
between availability of food organisms in the environment 
and their occurrence in the gut. Also he reported that 
the species, O. ruber fed at the level slightly above 
the bottom. 
In mature l. sina, percentages, of actively fed 
ones were low throughout the year and it is exactly 
apposite to the percentages of poor ly fed ones and with 
empty stomachs which were high. This species is also 
a protracted spawner. Hence the spawning activity or 
development of gonads could not be responsible for low 
or high feeding activity of J. sina. But mature ~. ruber 
spawns from September to January, still fed poorly 
throughout th e year. Also the percentages of fishes with 
empty stomachs were high throughout the year. Even except 
this spawning period (September to January) no high 
45 
percentages of actively f ed ones were observed in rest 
of the months. Hence in this case also, spawning could 
not be a responsible factor for low or poor intake of 
f ood. 
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Table 2 • Intensity of feeding in Johnieoes sina in percentage in different months during • 
1986-88 
Year Intensity Months 
of feeding Sept .86 Oct. Nov. Dec. Jan.87 Feb. March April May 
198 6-87 Active 00.00 02.18 10.08 14.23 32.28 09.16 00.00 33.21 07.40 
(N-662) Moderate 10.11 16.50 19.24 26.12 18.10 17.76 44.90 08.42 11.78 
Poor 31 .39 19.43 30.68 27.38 26.2~ 42.64 21.83 18.77 41.29 
Empty 58.50 61.89 40.00 32.27 23.37 30.44 33.27 39.60 39.~3 
Sept.87 Jan.88 
U1 
1987-88 Active 00 .00 09.69 00.00 00.00 13.92 38.27 14.43 53.78 12.77 0 
(N-579) Moderate 07 .. 34 07 .. 14 12.15 00.00 21.84 19.38 13.32 30.06 00.00 
Poor 54 .13 37.49 41.42 34.94 30.30 25.13 07.52 16.16 32.48 
Empty 38 .53 45.68 46.43 65.06 33.94 17.22 64.73 00.00 54.75 
Table 3 
Year 
1986-87 
(N-266) 
1987-88 
(N-577) 
• 
• Intensity of feeding in Otolithes ruber in percentage in different months during 
1986-88 
Intensity Months 
of feeding 
Sept .86 Oct. Nov. Dec. Jan.87 Feb. March April May 
Active 17.86 06.79 10.48 19.21 00.00 00.00 27.71 42.32 37.05 
Moderate 01.34 05.54 20.37 09.18 13.52 24.02 29.13 16.44 24.56 
Poor 64.78 33.81 16. 4 9 36.26 14.82 15.54 09.84 14.38 21.80 
Empty 16.02 53.86 52.66 35.35 71.66 60.44 33.32 26.86 16.59 
Sept .87 Jan.88 
Active 23.52 11.57 26.28 23.29 00.00 21.08 22.53 36.49 18.81 
Moderate 08.19 06.25 33.40 29.30 45.17 17.60 00.00 13.48 28.27 
Poor 06.99 18.74 08.32 25.12 12.50 23.52 44.00 32.19 14.44 
Empty 61.30 63.44 32.00 22.29 42.33 37.80 33.47 17.84 38.48 
VI 
.... 
... , 
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Table 4 • Intensity of feeding in percentage in juvenile • 
and adult in Johnieops sina and Otolithes ruber 
during 1986-88. 
Species Year No. of Intensity of feed1ng 
f1sh 
examined Act1ve Moderate Poor Empty 
Juveniles 
JohnieoQS 1986-87 298 22 .65 13.32 48.69 15 .34 
s1na 1987-88 235 20.42 7.69 54.03 17.86 
Otolithes 1986-87 86 32.86 16.66 24.19 26.29 
ruber 1987-88 96 35.29 21.98 9.37 33.36 
Adults 
JohnieoQS 1986-87 364 17.22 11.88 32.26 38.64 
sina 1987-88 344 9.20 21.20 36.28 33.32 
Otolithes 1986-87 180 4.14 16.28 36. 94 42 .64 
ruber 1987-88 215 4.01 14.29 34.78 46.92 
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Ta ble 5 Percentage composition of different food items by 
different methods and the index of preponderance of 
J. sina during 1986-88. 
- -
Food items Percentage s Index of 
Point Occurrence Volumetric pre pond-
method method method erance 
1986-87 
Teleosts 22.22 22. 83 39.61 54.91 
Penaeid prawns 20.85 .18.85 10.06 11.53 
Acetes indicus 8 .20 8.21 5.93 2.96 
srrui11a 11.36 12.43 13.45 10.15 
Crabs 6.46 6.76 3.61 1.48 
Polychaetes 10.14 10.63 12.88 8.31 
Molluscs 6.07 5.80 3.90 1.37 
Misc. 14.69 14.49 10.56 9.29 
100.00 100.00 100.00 100.00 
1987-88 
Teleosts 16.54 20.48 45.48 52.94 
Penael.d prawns 14.45 16.19 18.34 16.88 
Acetes indicus 19.94 24.30 14.86 20.51 
squi 11 a 11.67 9.99 5.95 3.38 
Crabs 6.58 6.19 2.40 0.84 
Polychaetes 11.67 6.67 5.88 2.23 
Molluscs 7.48 6.19 3.80 1.34 
Misc . 11.67 9.99 3.29 1.87 
100.00 100.00 100.00 100.00 
(Fig ures given in parenthesis indicate t he order of importance ' 
of food items). 
(1 ) 
(2) 
( 6) 
(3) 
(7) 
(5) 
(8) 
(4) 
( 1 ) 
(3) 
(2) 
(4) 
(8) 
(5) 
(7) 
(6) 
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Table 6 : Percentage composition of different food items by 
different methods and the index of prepondenance 
of O. ruber during 1986-88 
Food items 
1986-87 
Ieleosts 
Penaeid prawns 
Acetes indicus 
Squilla 
Polychaetes 
Molluscs 
Misc. 
1987-88 
Teleosts 
Penaeid prawns 
Acetes indicus 
S,:uill a 
Pol ychaetes 
Molluscs 
Misc. 
Percentages 
Point Occurrence Volumetric 
method method method 
23.34 
12.58 
21.48 
29.25 
3.35 
4.45 
5.55 
100.00 
20.83 
20.31 
30.58 
4.84 
5.13 
3.85 
14.49 
100.00 
22.41 
15.52 
24.14 
27.58 
2 .30 
4.60 
100.00 
21.13 
19.72 
32.39 
7.04 
4.22 
3 . 52 
11.98 
100.00 
33.~5 
11.75 
15.10 
8.05 
0.84 
22.66 
8.05 
100.00 
48.90 
11.17 
25.42 
6.68 
2.~5 
1.23 
4.05 
100.00 
Index of 
prepond-
erance 
46.23 
11.21 
22.41 
13.6!:l 
0.12 
4.60 
1.78 
100.00 
47.23 
10.07 
37.64 
2.15 
0.49 
0.20 
2.22 
100.00 
(Figures given in parenthesis indicate the order of importance 
of food items). 
(1) 
(4) 
(2) 
(3) 
(7) 
(~) 
(6) 
./ 
(1) 
(3) 
(2) 
(5 ) 
( 6 ) 
(7) 
(4) 
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Table 7 : Monthly index of prep once ran ce of food items in 
I. sina during 1986-87 
Months Index of preponderance of food items 
CI) 
CI> 
+' CI) 
Itl' CI> 
CI) 
+' '0 CI) III U 
CI) ..-tCl) CI)~ .-i .c CI) 0 %i IIIU .-i CI) U :l III +' ..... .Q >- ~ ~ C III CI> 6. III ~ .-i CI> CI> H uc H 0 ~ I- 0.0. < en U 0. 
1986-87 
Sept. 86 30.70 30.34 22 .29 4.45 1.32 3.96 5.95 
Oct. 58.15 4.24 1 .81 14.54 0.90 4.85 0.45 
Nov. 50.28 3.49 0.28 31.28 0.84 1.12 0.42 
Dec. 70.46 3.71 0.13 0.27 0.66 12.18 0.27 
Jan. 87 2.59 16.17 1.55 49.16 1.30 9.31 0.52 
Feb . 16.18 0.68 2.02 62.68 2.02 11.47 0.90 
March 46.61 6.47 0.32 22.65 2.60 1.94 1.29 
April 12.82 17.08 3.56 17.08 0.71 36.30 2.84 
May 6.45 32.26 12.90 3.22 3.23 6.45 12.90 
• U 
CI) 
..-t 
~ 
0.99 
15.09 
12.29 
12.32 
19.40 
4.05 
18.12 
9.61 
22.57 
Table 9 
Months 
1986-87 
sept 86 
Oct. 
Nov. 
Dec. 
Jan. 87 
Feb. 
March 
April 
May 
· 57 
: Monthly index of preponderance of food items 
in Q. ruber during 1986-87 
Index of preponderance of food items 
", 
Gl 
+' 
fI) QI III 
+' 
" .~ III IG U fI) oM'" rl .J:. III 0 ~i GlU rl U :I Gl +' ·rl >- .-4 
.-4 CIG GI" ;:l .-4 .-4 Gl QI ~ U C 0' 0 0 
.... a.c. <oM L~ a. ~ 
51.18 9.30 33 • .79 5.08 0.00 0.00 
32.60 1.20 56.93 3.00 1.10 0.00 
69.35 0.17 2.21 26.35 0.17 0.04 
13.83 32.65 42.82 0.55 0.07 9.53 
56.40 8.16 21.49 12.66 1 .01 0.00 
34.19 2.35 48.97 10.19 0.23 0.00 
48.16 11 .12 14. ?8 23.21 0.47 0.00 
28.23 5.14 52.97 11.61 1.65 0.00 
30.14 3.70 57.80 5.05 1.23 0.00 
• 0 
fI) 
:l 
0.65 
5 .17 
1. 71 
0.55 
0.28 
4.07 
2 • 0.6 
0.40 
2.08 
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Table 10 : Monthly index of preponderance of food items 
in Q. ruber during 1987-88 
Months Index of preponderance of food items 
V) 
CD 
+' 
V) CD V) 
+' 'tl V) to 011 U 
V) 
...tv) .~ r-i .s:: v) 0 CDC CDO r-i 0 :l CI> 011 ~ +' .r! >- r-i 
..-i COlI CD 6. r-i r-i CI> CD H OC 0 0 
..... 0.0. « (J) 0. ~ 
1987-88 
Sept. 87 92.92 0.17 0.53 1.07 0.00 0.00 
Oct. 28.99 49.71 13.02 0.00 1.18 0.00 
Nov . 33 . 01 5.30 51.22 8.17 1.83 0.00 
Dec. 37.47 2.53 53.17 0.00 1.27 0.00 
Jan. 88 19.80 9.70 68.97 0.12 0.26 0.13 
Feb. 9.71 0.00 84.95 2.91 1.46 0.00 
March 71.39 5.93 20.02 0.04 0.38 0.62 
April 16.61 2.35 77.52 1.57 0.78 0.78 
May 21.15 4.80 69.48 2.82 1 .01 0 .00 
• U 
v) 
...t 
~ 
5.31 
7.10 
0.47 
5.06 
1.02 
0.97 
1.62 
0.39 
0.76 
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CHAPTER -II REPRODUCTIVE BIOLOGY 
Introduction : 
Fishery scientists and manag ers have been paying 
attention to the reproductive biology of individual species 
of fish as it provides valuable clue for rational exploita-
ti on of species concerned. The scientific knowledge of the 
r eproductive biology of fish population is imperative for 
effective manag ement and understanding of fish population 
dynamics (Nikolsky 1969). Most aspects of reproducti ve 
biology of population such as, length at first maturity, 
fecundity etc. respond to a number of environmental factor 
(Woof ton, 1982). Information on the length at first maturity 
is of use in assessing the potentia l spawners lost from the 
stock by fishing . Sex composition o f cat ches is essential 
in understanding whether any differential fishing exists, 
if so, its possible effect on the fi shery and whether sexual 
congregation takes place during spawning 'hich can be 
effectively utilised for fishing. 
Spawning season and spawning fr equency within the 
season and in the life span of fish help in assessing the 
reproductive potential of i~s population and help in taking 
decisions for managerial actions. 
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Reproductive biology of some species of sciaenids 
has been studied by earlier workers (Table 10 ). A perusal 
of literature shows that Jacob (1948) observed the spawing 
season of Otolithes ruber from Malabar waters. Vaidya (1 960) 
has studied the fecundity, spawning season and periodicity 
of Q. ruber from Bombay, Devadoss (1969) has worked on 
maturity, fecundity and spawning season and periodicity of 
Q. ruber from Bombay waters and Nair (1977) has studied the 
f ecundity, spawning season and frequency of I. sina from 
Calicut waters. Maturity, fecundity, spawning season, 
spawning frequency, sex ratio etc. of th e two species have 
not been studied in detail from Ratnagiri except the work 
of Bhusari (19~) on Pseudosciacna sina where he studied 
length at first maturity, fecundity and spawning season . 
Hence, I. ~ and Q. ruber were studied in detail. 
Material and Methods : 
The fishes (I. sina, Q. ruber) collected from 
Mirkarwada fish landing centre for length-weight measurement, 
study of food and feeding habits etc. were utilised for the 
study on the reproductive biology during September 1986 
to May 1987 and September 1987 to May 1988. 
After noting their lengths (cm) and weights (gms) , 
the fishes were cut open ventrally to ob serv e the general 
macro appearance of the gonad and it's extension 1n the body 
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cavity for determinaing the different maturity stages 
(Devadoss, 1969; Nair, 1977; Baragi 1980; and Sreenivasan, 
1981). The I.C.C.S. scale (Wood, 1930) was fo l lowd for 
the classification of maturity stag es. The perc entage 
occurrence of each sex and stages of maturity were asse ssed 
and gonads were preserved in 5% formalin. The ova les s 
than 5 M.D. were found in enoromous numbers in all samples 
at all stages of maturity, hence those were not considered 
for ova diameter frequency studies. For this study, the 
middle portion of the two lobes of the ovaries were taken 
since no significant difference were observed in the distri-
bution pattern of ova in the anterior, middle and posterior 
regions of the ovaries (Fig. 6 ,7 ). 
Maturation and frequency of spawning 
Maturation of ova and frequency of spawning were 
studied by the method adopted by Clark (1934), Hickling 
and Rutenberg (1936), Prabhu (1956) and James (1980). Ova 
diameter was measured under the microscope using an occular 
micrometer scale at 5 x lOX magnification (1 micrometer 
scale division = 0.013 mm). For determi~ing the frequ ency 
of spawning, relative condition factor was a lso tak en into 
ac count. From the two speci es , only adult f ishe s of bot h 
sexes were consider ed for the study. 
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Fecundity : 
The ovaries in mature and ripe stages (IV, V and VI) 
preserved in 5% formalin were used for estimating the 
fecundity. The ovary was weighed and sub-samples from 
the mid-portion of the two lobes, weighing about 300-500 mg 
were taken . This sub-sample was cut open and teased car e-
fully all the intraovarian ova on a glass slide with 
needles and observed under the microscope for counting the 
number of yolked ova. For this st udy 24 ovaries of l. ~ 
and 36 OVaries of O. ruber were examined. 
In l. sina, ova diameter frequency polygon sho~ed 
minor intermediate modes which were not clearly separated 
from each other as well as from th e general immature stock 
of ova. In this type of ovary, it is difficult to disti-
nguish the developing ova from the reserve ones (Gerking, 
1967). In such cases it may not be correct to count the 
most mature ova alone for fecundity estimation. Macer 
(1974) studied histology of ovary of horse-mackerel, 
Trachurus trachurus (L.) a multiple spawner and showed 
that yoiked oocytes alone form potential fecundity for the 
season. Such type of histological work was not possible 
during this study. So gross fecundity that is counting 
of all yolked ova, was estimated as attempted by Petrova 
(1960) for Baltic sprat and Nair (1 977) for l. sina. He nce, 
for J. sina, all yolked ova which wer e de stined to be 
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spawned in the season were counted for fecundity estimat ion, 
whereas in the case of Q. ruber, a single group of fully 
mature and ripe ova (ova diameter 26 M.D. and above) clearl y 
demarketed from the maturing group of ova was noticed. 
This group was considered for fecundity estimation of Q. 
ruber. 
Gonado-somatic index : 
Applying the method of June (1953) and Yuen (1955) 
gonado-somatic indices of two specie s were calculated 
gutted body weights of fishes were taken with 0.5 gm 
accuracy and gonads (after removing adhering water) upto 
0.005 gm accuracy. Gonad indices were calculated by 
fol l owing the formula : 
GSI = GW x 100 
(BW - GW) 
Where, GW = gonad weight in gms 
BW = gutted body weight in gms. 
Monthly average was used to determi ne spawning season and 
maturity. 
Length at first maturity: 
It was determined on the ba sis of (1 ) percentage 
occurrence of mature fishes in va riou s size groups (2 ) 
relative condition factor, 'Kn' wi t h r espect to size of 
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the fish. In the first method, the length at which 50% 
of them attained maturity was considered as the length at 
first maturity. 
Sex ratio : 
Sexes were noted to find out the sex ratio during 
different months and of various l engths. Chi-square test 
was used to find out whether differ ential sex ratios were 
present or not. This test Was applied for monthly as well 
a s length-wise pooled data. 
Result 
Classification of maturity stages : 
The description of different maturity stages are 
summarised in Table 11 for both t he sexes. 
stage-I, Immature : Ovaries were thin, thread like , 
creamy in colour, occupying less than Y4th the length of 
the body cavity. Ova were not visible to the naked eyes 
but transparent ova with clear nucl ei were observed 
microscopically. The size of t he ova ranged from 0.013 t o 
0.117 mm with a mode at 0.052 mm. 
Testes were thin and thread like occupying less 
t han Y4th the length of the body cavity. 
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Stage-II, early mature: Ovaries were enlarged, 
yellowish-red in colour, occupying Y4th to less than Y2 
the length of the body cavity. Ova were not visible to 
the naked eyes. Two groups of ova wer e noticed under 
microscope , smaller ones were non-yolk ed and bigger ones 
partly yolked at the centre. The size of ova ranged 
from 0 .01 3 to 0.195 mm without showi ng any prominent mode . 
Testes were whitish ribbon like occupying about 
Y4th to Y3rd the l ength of the body cavity. 
stage-III, late mature: Ovar i e s wer e cylindrical 
creamy-red in colour, occupying Y2 to 3/4th the l engt h of 
the body cavity. Three groups of ov a were observed, . 
immature , maturing-I, maturing-II. Ova of large size 
group became opaque because of yolk deposition . The size 
of ova ranged from 0.013 to 0.390 m~ with the largest mode 
at 0.27 mm. Another mode was noticed at 0.14 mm. 
Testes were ribbon like, whit ~ and opaque occupying 
about Y2th the l ength of the body ca vity, 
Stage-IV, mature: Ovarles w~re yellowish pink 
OCcupying 2/3rd t he length of the body cavi ty. Four 
groups of ova, immature, early maturI ng late maturing and 
mature one were observed. Size of ova ranged from 0.39 
to 0.45 mm with the largest mode at n.38 mm. Other mode s 
were also noticed at 0.12, 0.20, 0. 25 , 0.32 10m which wer e 
not demarkated from one another. Yolk deposition 
prog ressed further. 
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Testes were white occupying 3/4th the length of 
t he body cavity. 
stage-V, ripe I Ovaries occupied almo st the entire 
body cavity by pushing aside the oth er organ. Ova were 
seen prominently through the thin wall of the oyary. Blood 
vessels were noticed on the dorsal side. Size of ova 
ranged {rom 0.45 to 0.48 mm with a mode at 0. 40 mm. The 
other preceeding modes were at 0.14, 0.25 and 0.35 mm. 
Testes were creamy white in colour; completely opaque 
and broad, extending almost the entire length of body 
cavity. 
Stage-VI, spawning: Ovary was reddish in colour 
occupying the whole body cavity. Ova were clearly visibl e 
t hrough the thin ovary wall. Ova were of large size and 
wi t h an oil globul e . ~t this stage the mo s t mature group 
of ova which are de stined t o be s pawned in t he ensuing 
season were found liberated from the follicl es and wer e 
f ound free in the lumen of the ovary. Ova oozed out on 
slight pressure on the abdomen. Si zo of the ova ranged 
f rom 0.48 to 0. 53 mm with a mode at 0.50 mm. Oth er mode. 
not i ced at 0.14,0.25,0.32 and 0.40 were not sharply . 
separated from one another. 
Testes were white in colour, large , Occupying the 
entire length of the body cavity. Semen oozed out freel y 
with pressure on abdomen. 
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Stage-VI I-A, partially spent: Ovaries were 
reddish in colour, slightly flabby, occupying slightly 
less than the entire body cavity. Ova were resembling to 
that of III, IV and V stages. Mode s were noticed at 
0.22, 0.32 and 0.40 mm. 
Testes were white in colour, collapsed partially and 
slightly smaller 1n size than that in the previous stage. 
Stage-VII-B, fully spent: Ovaries were completely 
collapsed, shrunken with bloood shot. ' Residual ova were 
shrunken. High percentage of immature ova were observed. 
Testes were flabby, reddish brown in colour. 
Spawning frequency : 
Spawning frequency was determined by observing ova 
diameter frequ ency polygon of ovarie s representing dif fe r ent 
stages of maturity (Fig. 8 ). 
Small, immature innumerable ova with cl early visi ble 
nuclei were observed in first and second maturity stages • 
This group of immature stock of ova (from 0.013 ' • to O.19~ 
mm in diameter) was present in all stages of maturity and 
could be named as general immature stock (Sreenivasan 1981). 
In the first stage, the diameter of ova ranged from 0.013 
to 0.117 mm showing a mode at 0.065 mm. Similarly in the 
second stage of maturity, the diamet er of ova ranged from 
0.117 to 0.195 mm and the mode rema i ned the same. 
68 
Some of the ova from th e general stock were 
progressed and entered into the nex t maturity stage t ha t 
is third. The diameters of ova at this stage ranged f rom 
0.195 to 0.390 mm where dominant mode was observed at 
0.27 mm. Anoth er mode was observed at 0.1 4 mm prior to 
the mode at 0.27 mm. Ova from the Last mode (0.27 mm) 
of the third st age, further increas ed in size and formed 
new group of ova entering into fourth ma,urity stage. 
Hence a mode was noticed at 0.38 mm. At the same time 
another batch of ova replaced from the general stock. In 
this stage, besides the mode at 0. 38 mm, other modes were 
at 0.12, 0,195, 0.25 and 0.32 mm. 
The ova from the above stage (IV) increased furth er 
and yolk deposited densely in them. Thus they formed fifth 
maturity stage. A prominent mode was clearly seen at 0.40 
mm. In this stage various modes were noticed at 0.14, 0 . 25 
and 0.35 mm and all these modes incl uding the made at 0 . 40 
mm were not sharply separated from each other. 
In the sixth maturity stag e , th e ova furthe r 
increa sed in size, became translucent and ripe, larges t 
one bearing an oil g lobule and form ed mode at 0.50 mm. 
Other preceeding modes were noticed at 0.14, 0.25 , 0. 32 and 
0.40 mm . Now the ovary is ready for spawning. 
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In the next staqe (VII-A), ova representing all 
maturity stages were observed with low percentages of 
mature and high percentages of immature and maturing 
ova. It was clear that, the species had spawned partially 
in the earlier period and hence contained low percentages 
of ripe and mature ova. Definitely it was preparing for 
the -next spawning since the largest ova were not noticed 
in the degenerating state as in the case of fully spent 
fishes. Different modes were still noticed at 0.22, 0.32, 
0.40 and 0.45 mm. in minor percentages. Such partial 
spawning has been observed in Johnius carutta from Visakha-
patnam (Rao, 1967), Johnius dussumieri f rom Bombay (Devadoss 
1969); Johnieops sina from Cali cut (Nair 1977); Johnius 
osseus from Mangalore (Baragi 1980). The fully spent ovary 
(stage-VII-B) contained numerous, small, immature ova and 
few intermediate ones ranging from 0.195 to 0.40 mm in 
diameter and these ova may contribu t e for the next season 
by growth. 
In ~. sina, the ova-diammeter frequency polygon 
showed more than one mode of mature ova. Different batches 
of ova _were not sharply differentia ted from one another, 
thereby indicati ng that the passing of one batch of ova 
into the next stage was more or less a continuous process. 
So by following Hickling and Rut enberg (1936) and Prabhu 
(1956), ~. ~ could be placed under the fourth cat egory 
of fishes which spawn throughout the year. 
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Spawning season : 
It was determined on the basis of percentage 
occurrence of different stages of maturity in each month 
(Fig. 9,10). A total of 2218 males and 2286 females of 
l. sina has been examined. 
The fishes of advanced stages of maturity, stage-IV 
and V were observed almost in all the months from September 
to May. The percentage occurrence was high in September, 
October and March during 1986-87 and in October, November, 
December, January and March during 1987-88. Partially and 
fully spent fishes were recorded in November, December, 
January, March and April during 1986-87 and in September 
to January and April, May during 1987-88. 
In short, all mature st ages in l. sine occurred 
almost throughout the year and spent ones from September 
to January and March to May. From above it could be infeDrod 
that the population of l. sina spawned over a longer period 
of time with peak spawning periods from November to ~anuary 
and March to May. The length-frequency data (Fig. 25 ) 
also supported the prolonged spawning of the species as was 
evidenced by the continuous recruitment of juveniles. 
This view is also supported by Nair (1974, 1977). 
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Gonado-somatic index : 
Most of the maturity stages of I. ~ occurred 
throughout the year. So in general, ther e were not much 
differences between gonadial indices in dif fer ent month s . 
Th e indices varied from 3 .7 to 5.7 (Fig. 13 ). This 
showed that t he spawning was a conti nous process. Slightly 
high values were observed during December-January and 
April-May which confirmed the two poak spawni ng periods;. 
Thi s inferrence agre es well with tho r e sults obt ained by 
observations on the percenatage oc currence of mature stage s . 
, 
The monthly values of Kn (Fig . 24 ) varied within 
a narrow range streng thened the earl i er conclusion that 
this species has a prolonged spawning. 
Multimodes in ova diameter freq uency polygon Where 
modes were not sharply demarketed from one another (Fig .8 ). 
occurrence of mature fishes throughtout the year (Fig .9,lO) . 
and Kn and GSI values (Figl3,24 ), varied within narrow 
ranges; brought to the conclu s' ' n that I. s ina spawns almost 
throughout the year (Tabl e 13 ). 
Length at first maturity: 
Percentage occurrence of matur ~ fi she s in various 
size groups : 
The length maturity data of 2181 mal e s ranging in 
size from 7.5 to 22.0 cm and f ema les 2263, ranging from 
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7.5 to 23.6 cm wer.e utilized to present the maturity 
curve (Fig. 14 ). Upto the size group of 11.0 cm, both 
males and females of the immature group were dominant. 
Majority of the fishes were matur~ within 11.0 to 12.0 cm 
l ength groups. This length group onward the percentages 
of mature male and female increased and reached up to 
100% by 17.0 cm. Based on the above data, the sizes at 
first maturity for males and females were 11.2 and 11.6 cm 
respectively (Fig. 14 ). 
aelative condition factor: 
, 
In the Kn value of females at different size classes 
the lowest value noticed was at 12.0 Cm indicating the 
size at first maturity, similary in males, the lowest value 
was observed at 11.0 Cm when majority of males attained 
maturity (Fig.23) 
Fecundity: 
Earlier it has been stated t hat, l. sin, spawns 
more than once in a season and the most mature or ripe 
ova in ova diameter frequency polygon were not sharply 
separated from maturing groups. So accurate estimation of 
fecundity could not be made by counting the ripe and 
mature ova only, since development of ova was a continous 
process. In this case, for estimating the fecundity, the 
73 
ripe ova inc l uding the other ova i n which the depositi on 
of yolk had ta ken wer e con si der ed. Th is mot hod is used 
by Petrova (1 960) for Ba l t ic spr ~ t, Nai r (l Q77) f or ~. s i na . 
Such a met hod give s gross f ecundit y i rre spe ctive of th e 
number of batches ea ch of them wo ul d have alreadY spawned . 
In the pre sent study, th e fecu ndi Ly 1s based on 
the examina t i on of 23 ovaries of fi ';hes ranging f rom 
12.4 to 20.6 cm. The number of ova varied f rom 12,500 to 
2,71.000 in vari ous l ength groups. Nair (1 977) observed 
the fecundity from 12,744 to 1, 51 , 677 of ~. ~ rang ing 
from 12.4 to 17.4 cm in l engths. 
Relation between fecundity and length of fish : 
Significant relation has been observed between 
fecundity and l eng t h of fish ( Coeff ici ent corre lation, 
r = 0 .7~06) . Fecundity increa ~! s a ~ t he l eng t h of speci e s 
i ncreases. Th e r e l a t i onship is expressed as : 
F = - 131.392 + 11.~416 X L. whe r e F = Fecundity and 
L = Total f ish l engt h in cm (Fig . 15 ) , (F.in '000) 
Re lation between f ecundity and wei ~ h t of fi sh : 
It showed a singni:icant r ela tionship (r = 0.7523) 
be tween f ecundity and weight of f i sh . As the wei ght of 
the specie s increa se s t he f ecundit y a l so i ncreases. The 
relation is exp~es sed as : F = - 28 .1751 + 1.3450 X W wer e 
F = fecundity and W = wei ght a s f ish (gms) 
(F in '000) 
(Fi g . 16 ). 
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Relation between fecundity and weight of ovary I 
Significant relation has been noticed in between 
fecundity and weight of the ovary ( r = 0.8127). Similar 
to above, in this case also fecundity increases with 
increase in weight of the ovary. Th e relationship is 
F = 13.9341 + 12.7188 X OW wh~re F ~ fecundity and OW = 
ovary weight (Fig. 16 ). (F in '000) 
Sex ratio : 
During the two years of study, total 4504 specimens 
of I. ~ were examined, where 2218 males (49.25%) and 
2286 females (50.75%) were included. The male I female 
2 anp cochran. 
ratio was tested stastistically by using X test (SnedecoreA 
1980). It showed that the number of males and females did 
not differ from their 1: 1 ratio (1: 1.0306) (Table 16 ). 
From the monthly sex distribution (Table 16 ), it 
was noticed that the differences i n distribution of the 
sexes were significant during December 1986, March, April, 
October, November and December, 1987, March, April and 
May 1988. During these two years, t he rati o varied in 
different months. Repeatation of r atio could not be 
noticed i n same months of th e two yoars. 
Length-wise data of the two years were pooled 
together to know their size wise sex ratio (Table14 Fig .18 ) . 
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It showed that the malos out numbered females upto 12.~ on 
length with significant Chi-square values. In the subseqent 
length groups, from 12.5 to 15.5 cm, Chi-square values 
were not significant and both the sexes were in 1:1 ratio. 
In fishes of 15.5 cm and above the Chi-square values were 
significant with females dominating the landings and females 
alone were recorded in the size classes 21.0 Cm and above. 
Within 7.0 cm to 11.~ cm length groups, the pqrcentage 
of males was higher (80%) than that of females (20%). This 
higher percentage of males decreased slowly as the length 
increased and further became nogligible at 21.0 cm length 
and vice-versa in the case of females. The percentage of 
females was low (20.0%) in smaller length groups (7.0 to 
11.5 cm), they increased slowly surpassing the percentage 
of males and reached to 100% 1n 21.0 cm. 
Therefore in short, males were dominant in s~aller 
length groups upto 11.5 cm and males and females were in 
equal numbers in size groups 12.5 to 15.5 cm and females 
were dominent in larger size groups above 15.5 cm. 
It is interesting to note that the Chi-square test 
for the sex ratio was not significant between 12.5 to 15.5 em 
length groups. 
length groups. 
This species mature within 11.0 to 12.0 cm. 
The data clearly shows that the adult males 
and females were congregated in equal numbers for breeding. 
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Q. ruber I 
Classification of maturity stages : 
The classification of different maturity stages 
are Sl.IIIIIIerised in Table 12 for both the sexes. 
stage-I, ~ature: Ovaries were thread like, white 
creamy in colour, occupying less th an Y4th the length of 
body cavity. Small transparent ova with clear nuclei 
were visible under microscope. Size of the ova ranged 
from 0.013 mm to 0.120 mm, with a mode at 0.026 mm. 
Testes were thin, thread like, white in colour, 
occupying less than Y4th of the body cavity. 
Stage-II, early mature: Ovaries were thicker, tubular 
in shape, yello~ed in colour occupying Y3rd to Y2th the 
length of the body cavity. Ova were not visible to the 
naked eyes, yolk deposition just started around nucleus. 
Diameter of ova varied from 0.120 to 0.195 mm. A mode 
was noticed at 0.140 mm. 
Testes were pale white in colour extending Y3rd 
of the body cavity. 
Stage-III, late mature: Ovaries grew large, became 
tube-like, pink to yellOWls~8d in colour, occupying Y2 of 
body cavity. OVa were partially opaque since deposition 
77 
of yolk and the nucleus was hideen partly or fully. The 
size of the ova ranged from 0.200 to 0.355 mm with a 
prominent mode at 0.30 rom. 
Testes were white in colour, occupying Y2 the length 
of the body cavity. 
~tage-IV, mature: Ovaries wer e cr eamy to yellow in 
colour extending to 2Y3rd or more the length of body 
cavity. Ova ranged from 0.350 to 0.500 mm in diameter, 
were visible with naked eyes. Prominent mode was noticed 
at 0.46 rom. Blood vessels appeared on dorsal side. The 
ova enlarged further and yolked densely and appeared opaque. 
Testes were whitish in colour, large in size, 
occupying 3Y4th of body cavity. 
stage-V, ripe: Ovaries were reddish in colour due to 
ramification of blood vessels and extended more than 3/4th 
the length of body cavity. Ova were large and within the 
size range of 0.50 to 0.66 mm in diameter with a mode at 
0.57 mm. Ova packed with yolk becoming highly opaque and 
seen prominently with naked eyes. 
Testes were whitish in COlO UI occupying almost the 
ent ire length of the body cavity. 
Stage-VI, spawning: The ovary was reddish in colour 
occupying the entire body cavity and ova were seen through 
78 
the thin ovarian wall. The diameter of ova varied from 
0.66 to 0.82 mm with a mode at 0.70 rom. Ova wore ripe 
containing an oil globule, oozed out on slight pressure 
on the abdomen. 
The t estes were white in colour and filled the 
entire body cavity. 
stage-VII, spent: Ovary was blood shotted, shrunken 
because of extrustion of its contents. Ovary contained 
few large ova in the process of degeneration and with 
high percentage of small immature ones. 
Testes were shrunken and occupied 3/4th or less 
the length of body cavity. 
Spawning Frequen cy : 
Fig. 8 shows ova diameter frequency polygon of 
Q. ruber at different stages of maturity. In 
maturity stage-I, there was only on~ group of immature 
stock of ova represented by a mode at 0.026 rom. In maturity 
stage-II, a mode was formed at 0.14 mm by growth of a batch 
of ova from the previous stock. Deposition of yolk was 
noticed around the nucleus. The 0.14 mm mode shifted to 
0.30 mm 1n maturity stage-III. H9re ova were enlarged and 
nuclei were partly or fully hidden due to yolk deposition. 
This mode progres sed to 0.45 mm in maturity stage-IV. In 
this stage the nucleus was completely hidden by intensive 
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deposition of yolk. The 0.4~ mm mode progressed further 
to 0.~7 mm in maturity stage-V. In this stage ova were 
large, ripe and highly opaque. In maturity stage-VI, 
the ova had grown further. An oil globule was noticed in 
this stage and the modal size was 0.70 mm. Only a single 
mode was noticed in each maturity stage. The same mode 
progressed further from one maturity stage to the next one . 
The mature ova group was distinct and sharply separated 
from the general immature stock of ova. 
Thus in the ova diameter frequency polygon of mature 
stage, the most mature group of ova was distinct and widely 
separated from the general ~ock. By following Hickling and 
Rutenberg (1936) and Prabhu (1956), spawning of Q. ruber 
takes place only once and restricted to a definite short 
period. 
In spent ones (Stage-VII), the ovary contained only 
immature ova with few degenerating ripe ones. This showed 
that no other mature group of ova would be formed during 
the same season after the fish had spawned once (Natarajan, 
1980; Vasudevappa, 1980). Hence it can be concluded that 
Q. ruber spawns once in a year. Vaidya (1960) and Devadoss 
(1969) also reported a Similar condition in Q. ruber from 
Bombay waters. , 
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Spawning season : 
Percentage occurrences of different stages of 
maturity of Q. ruber in each month have been depicted in 
figures (Fig. 11 , 12 ). Total 1262 females and 958 males 
have been examined. 
From the Fig. 12 , it is evident that the females 
in IVth and Vth mature stages occurred from September to 
January in higher percentages during 1986-88. fhis indicat es 
that Q. ruber spawns duri~9 September to January and peak 
spawning period is from October to December. This is further 
supported by the occurrence of spent f emales during ~he same 
period. 
Fig. 11 shows the occurrenc e of mature and ripe 
males during September to January and spent ones from 
October to January. This supports the earlier view. 
Gonado-somatic index : 
The indices varied from 0. 8 to 9.8 in females and 
0. 2 to 6.2 in mal~s. It is evident from the Fig. 13 that 
ganado-somatic indices were high during September to 
December with peak in November . In other words, it breeds 
during September to December period and int ensively in 
November-December which is in agreeme nt with the above 
findings. 
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Monthly Kn values (Fig. 24 ) were high during 
September to December and hence supported the earlier 
findings that this species spawns during September to 
December. 
Length at first maturity I 
By percentage occurrence of mature fishes in 
different length-groups, 
227 males ranging from 13.5 to 31.5 em and 330 
females ranging from 13.5 to 33.5 cm have been examined 
and put into maturity percentage to length graph (Fig. 14 ) . 
From the fig. it is clear that 50% of male population mature 
at 20.2 Cm and 50% female population at 22.6 em. 
By relative condition factor : 
Length-wise relative condition factor (Kn) values 
(Fig. 23 ) showed that male matures at 21.0 em length and 
females at 23.0 em. 
Fecundity : 
Fecundity estimations were based on the examination 
of 36 ovaries of fishes ranging in size from 16.7 to 32.7 em. 
Tha ovaries in IVth and Vth maturity stages were used for 
the study, and all the ova of size 0.40 mm and above were 
considered for estimating the fecundity. For the above 
length range fecundity varied from 54,6 00 to 4,4.0, 000 .• 
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Relationship between fecundity and length of the fish l 
Correlation has been found between fecundity and 
length of the fish (r = 0.6427). The estimated relation-
ship is F = -56.9704 + 7.6722 X L (F in '000) (Pig. 15 ~ . 
Relationship b9twoen fecundity and weight of fish : 
There was poor correlation between fecundity and 
weight of the fish (r • 0.2688). The relationship was 
estimated as F = 47.2543 + 0.3890 X W (wioght of fish) (Fi O. 17) . 
( F in • 000) 
Relationship betw~en fecundity and weight of the ovary : 
There was higher correlation between fecundity and 
weight of the ovary (r 8 0.6799). The relationship was 
found to be F = 29.0848 + 10.2055 X W (wieght of ovary). 
(F in '000) (Fig. 17). 
Sex ratio l 
For the sex ratio studies, 2220 specimens of Q. ruber 
(958 males and 1262 females) were examined during the two 
years of observation. For the pooled data, females were 
found to be more than males (Table 17 , Chi-square = 41. 6268, 
for 1 D.F.). 
The data on monthly sex distribution (Table 17 ) . 
showed that the Chi-square values were significant during 
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September 1986, March, April, May, September and November 
1987,January, February and May 1988. During December 1986 
and 1987, the sex ratio was non-significant. This is 
because of peak spawning p9rlod when both sexes congregate 
in equal numbers. 
The length-wise sex ratio for both the years pooled 
together and are shown in Table 15 • The ratio was 
significant for 12.0, 1~.0, 16.0, 17.0, 19.0 and 20.0 em 
length groups and not-significant for 11.0, 13.0, 14.0 and 
18.0 on length groups. From 21.0 em length group onwards 
except 24.0 em length group all ratios were non-significant 
upto 29.0 em lengths. The speCies, Q. ruber matures after 
20.0 cm lengths. It shows that the males and females 
congregated in 111 ratio after attaining maturity. 
Discussion : 
Maturation at an early age is typical in sciaenids 
and in short lived fishes other than sciaenids (Schaefer, 
1965; Marriner,1976; Shlossman and Chittenden, 1981 and 
Ross, 1984). J. sina is a short lived and small sized 
species and hence small size at fir st maturity i, not 
surprising. Males of this speCies mature first at 11.2 cm 
and females at 11.6 cm (Fig.14 ). The lengths at first 
maturity in male and female l. ~ from Calicut water are 
12.5 cm and 11.5 cm respectively (Nair, 1977). From age 
and growth studies it is concluded that J. sina matures 
- -
before it becomes one year old. 
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Q. ruber has higher growth ra te , henco it is larger 
in size than l. sina. In this specios, the length at first 
maturity is 20.2 cm for male and 22. 6 cm for female. This 
species also matures before it becomos one year old. Vaidya 
(1960) noticed 22.0 cm as the length at first maturity in 
case of female O. ruber from Bombay waters. The length at 
first maturity for female from Bombay waters is 20.0 cm 
(Oevadoss, 1969). Geographical or environmental factors may 
be responsible for this variation from two different places 
as observed by Shepherd (1984) in Cynoscion regulis. 
The lengths at first maturity of some female sclaenids are 
as, Johnius dussumieri, 16.0 Cm (Devadoss, 1969), Johnlys 
(John1.ops) dussumieri. 11.0 cm; Johnius (Johnius) carutta, 
15.5 em (Murty, 1979); Johnieops OsSQUs, 12.~ cm (Baragi, 
1980); Johnieops vogleri, 15.9 (Muthiah, 1982); Banded drum, 
12.0 cm (Ross, 1984); and Johnius carutta, 14.0 cm 
(Vivekanandan, 1985). 
Protracted spawning is also characteristic of many 
scia.nids (Welsh and Breder, 1923; Thomas, 1971; Marriner, 
1976 and Warlen 1980). Spawning in l. sina occurs through-
out the year in Ratnagiri waters especially from September 
to Nay. Samples could not be collected during monsoon 
because of closed fishing season. But occurrence of mature 
fishes in May indicates spawning in next months. It has two 
peak spawning seasons, November to January and April to May. 
Occurrence of spent fishes in several months strengthens 
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the above argument. The same species from Calicut waters 
showed two peak spawning periods, December to February and 
April to May (Nair, 1977) which is ln close agreement with 
the present findlngs. 
Q. ruber spawns in a restricted period. from 
October to January in Ratnaglri waters. Individually it 
spawns ln a short time but population as a whole spawns 
from November to February. Young ones of Q. ruber of size 
7.0 to 8.0 Cm have been collected in April and May which 
have born in February. In Bombay waters it spawns from 
July to October (Devadoss, 1969). It shows that spawning 
of O. ruber varies from place to place like Pennahia aneus 
which spawns at Port Novo from September to October 
(Gandhi, 1982); at Visakhapatnam from December to March 
(Rao, 1967) and at Madras from May to June (John, 19~1). 
As above some sclaenids spawn over a long period or 
in a restricted period. Gopinath (1946) observed post 
larval forms of Sciaena albida along the Trlvandrum coast 
from November to March. From Bombay Bapat and Bal (1~0) 
reported the occurrence of post larval and young ones of 
various species of Sciaenids. namely Sciaena ailes, ~. 
semiluctosa, 2' glauca, Otolithu5 araenteus ~. albld., 
during winter, rainy and summer seasons. Chacko (1 950) 
observed larval and postlarval for ms of Q. ruber during 
the period August to September l n Gulf of Mannar. Pantalu 
86 
and Jones (1901) stated that in t he river Hooghly, 
f!ml 2!m! spawned throughout the year. From Bombay, Rao 
(1963) report~d that in Pseudosciaena .di acanthgs, the 
spawning period extended frum June to September.Pseudosclaena 
bleekeri and Johnius carutta spawn only once in a year (Rao, 
1967). Longhurst (1964) while studyLng the spawning habits 
of sciaenids of Tropical West Africa, stated that 
Pseudosciaena seneqalensis and Pseudotolithus txpus spawned 
throughout the year. While croaker, Genyonemus lineatu5 i s 
a protracted spawner which spawns about once every five day 
during spawnin~ period (Love, 1984). It shows that mos t of 
the sciaenids spawn throughout the year and some in a 
restricted period, where the spawning seasons are diff erent . 
In some fishes all ova mature synchronously and are 
shed in a single batch over a relatively brief period of 
time each year (Bagenal, 1967). O. ruber comes under t his 
type of reproduction . Here estimat ion of f ecundity i s a 
simple process of enumerating the number of ripening ova 
per female. However, in many f ishes, like J. ~, ova 
mature in multiple batches that are spawned successive ly 
within spawning season or almost throughout the year. In 
such cases, determination of annual ova ~~ oduction i s 
difficult. Frequency distributions of ova diamet ~r of 
multiple spawners are characteristically multimodal (Prabhu 
1956, Bagenal and Braum, 1971, Hempel, 1979 ; De Martini 
and Fountain, 1981; Gale, 1983; Snyder , 1983) . 
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In most multiple spawners, synchronously maturing 
batch of ova accumulating the yolk sequentially arises 
from a much larter group of previtellogenic immature ova 
termed -recrutment ova- (Clark, 1925; Bagenal and Braum 
1978; Jones, 1978; Hunter and Leong, 1981). According to 
Conover (1985) there aretwo main pha ses of oocyte production 
and growth in multiple spawners i.e. (1) previtellogenic 
phase during which new oocytes are pr oduced Ilnd (2) a 
vi tellogenic phase during which growt.h is futer and yolk 
accumulates in the ovum (Ball, 1960; Jones 1978, Tokarz, 
1978; Baggerman, 1980). Vitellogeni u growth and maturation 
of ova occur before spawning. Hence, in multiple spawners , 
the reservoir of recruitment of ova occurs in vitellogenic 
phase where all the oocytes form potential fecundity, 
likely to be extruded out successively after maturation. 
In ova diameter frequency polygen of l. !!n!, no 
clear cut separation of modes was observed. So as above, 
only the ova containing yolk including ripe ones were 
considered for estimation of gross fecundity (Petrova, 1960; 
Rao, 19~7, Nair, 1977). Fecundity of I. ~~ varied from 
12,500 to 2,71, 000 for 12.4 to 20.6 ( ,m size f ish... Nair 
(1977) observed the fecundity for th , same s"ecie. from 
Calicut waters which ranged from 12, 744 to 1.51,677 for 
12.4 to 17.4 em size fishes, Maxim~~ length of the fish h~ 
observed was 17.4 em, hence fecundity was vary low. Since 
8b 
fecundity increases with length. Si milarly the fecundity 
in Q. ruber ranging from 54,6 00 to 4, :40,.000 f or 5i1:e 16.7 
to 32.7 cm vary from the Bolllbay obse)'vation 44,621 to 
1,79,659 for the she of fish 18.8 t o 29.0 cm. Pr obably 
the same earlier reason holds good in this species also. 
Fecundity of o. ruber at Bombay varied from 49,216 to 
1,91,932 (Vaidya, 1960) and from Port Novo varied from 
43, 810 to 1,70,130 (Pillai, 1983). 
Uifferent relationships have been found to exist 
between length and fecundity in different species (Clark, 
1934; Simpson, 1951; Bagenal, 1957; Sarojini, 19~7; Pillay, 
1958; Varghese, 1961, 73, 76, 80; Pantulu, 1 ')63). In case 
of :I. sina. correlations were seen b(, tween f 'lcund1.ty and 
length of the fish (r • 0.8469), wall1 ht of the f1 h 
(r = 0.7523) and weight of the ovary (r = 0.11127) . Nail 
(1977) found the correlation onl y bEi tween fe ,:undity and 
weight of the ovary in J. slna. Sim1.larly in Q. t uber. 
high corrEilations were found in betwtl en fecuildity and 
length of the fish (r = 0.(427) an(1 weight of the ovary 
(r = 0.6797). Poor correlation was observed in between 
fecundity and weight of the fish Q. fuber (r = 0. 2688). 
In case of :I. ~, during 1906-88, number of malBs 
and females did not differ with their mean ratio as 1: 1. 03. 
In Q. fuber, the females were more in numbers than males 
(1:1.3173 -male I female) for two yoar s together. Monthly 
variations in the sex ratio fo r two npecies have been 
observed. 
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The data showed that they congregated in equal 
numbers after attaining first maturity for spawning in 
both species and sexes were equal in numbers in mature 
ones. Nair (1977) noticed that males and females of l. 
!in! from Calicut waters were in equal distribution in 
most of the months but dominance of females in the popula-
tion occurred at 11.5 cm length. Devadoss (1969) showed 
that Q. ruber from Bombay waters segregated in certain 
month$, as males in higher proportion prior to .pawning. 
It shows that sex ratio differs in different reqions. 
Antony Raja (1972) studied the sex ratio of Sardinella 
longiceps and he found variations in the s ex ratio between 
different localities. 
Differences in abundances between sexes may be 
genetic origin apart from the usual causes through 
differential accessibility, vulnerability, qrowth and 
mortall ty between se~.es or it may be related to gear 
selectivity (Antony Raja, 1972). Also it may be 
separation of sexes in water column for feeding, migration 
etc. though both the species are demersal. So all these 
factors .ay caus. differential di stribution in sexe,. 
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Table 10 . Aspects of reproduct1ve biology of different sCiaen1d species • • 
Sr. Spec1es Method applied Length Spawning spawning Fecundity Author & No. at f1rst habit season place 
matyrity 
in cm. 
( 1 ~ (2~ (3~ (4) (5) ( 6) (7) (8) 
1 • John1us Occurrence of 11.0 Tw1ce a March to Jacob(1948). 
glaucus ripe and spent year May and Calicut. 
gonads. sept. to 
November 
2. John1ous Occurrence of 10.0 Tw1c e a March to Jacob(1948). 
carutta ripe and spent year May and Calicut. 
gonads. sept. to ~ 
November 0 
.... 
Ova diameter Once a March to Rao. T. 
year, short April. Appa (1967). 
duration. Walta1r. 
Ova di ameter 15.0 Once a January Murt y( 197,9) , 
year but to Kak1nada. 
prolonged. June. 
3 . Johnius Occurrence of Once a July Jacob( 1948). 
~ortor ripe and spent year and Calicut. 
gonads. short 
dura tion. 
Contd • •• 
( 1 ) (2) (3) (4) (5) ( 6) (7) (8) 
4. JOhniUf Ova diameter 16.0 Once a July to 93,678 to Savant 
dussum-eri year August 2,95,643 (1963) , 
Bombay. 
Ova diameter and 16.0 Twice a Dec. to 1,42,005 Devadoss 
ponderal index year Jan. and to (1969), 
June to 
September 
2,22,988 Bombay. 
5. Johnieol2s Ova diameter 11.5 Twice a Nov. to 12,744 Nair 
tina year, Feb. and to (1980) , 
prolonged April to 1,51,697 Calicut. 
May 
6. Johnieol2! Ova diameter 15.9 Twice a June to 26,028 Muthiah ..... 0 
vogIer! year, short July and to (1982) , VI 
duration Oct. to 5,81,295 Bombay . 
November 
7. Nibe. Gonado-somatic Once a May to 27,500 Rajan 
coIber index year, slight August to (1964) , 
prolonged 3,56,304 (;hilka 
lake 
8. Otol:l,thes Occurrence of 14.0 Once a May to Jacob 
rubir ripe and spent year August (1948) , 
gonads Calicut . 
Ova diameter 
-
Once a July to 
-
Vaidya 
yea-r October ( 1960) , 
Bombay . 
Contd •• • 
nJ ~2' ~3' ~4' ~5' {6' {" {ljJ 
Ova dlameter 19.5 Once a July to 44,621 Devadoss 
year,sllght October to (1969), 
prolonged 1,79,659 Bombay. 
Ova dlameter Once a 
year 43,810 Pilla1 
to (1983) , 
1,70,130 Port Novo 
9. Otol1the! Occurrence of rlpe 12.0 Once a April Jacob 
cuvlerl and spent gonads year to (1948), 
July Callcut. 
Ova dlameter Once a October Annlgerl 
year,sllght to (1963) , ..... 
prolonged January Manglore. a CI 
10. Protonlbea Occurrence of ripe Once a September 62,50, 00 0 Jacob 
diaca rif:hu s & spent gonads year (1948) , 
Ova dlameter 85.0 Once a June to . 17,43,010 Rao, K. V. S. 
year September to (1963), 
68,63,638 Bombay. 
11 • otoll tholdes Ova diameter Throughout Jan. to Pantulu, 
.e!.U the year December Jones (1951), 
Hoogly 
estua"ry. 
Cont d ••• 
(n (~, (3' (4' (5' { 6' (" (~, 
12. Pennahia Post-larval Once a June to John 
macroehthalmus occurrance year October (1951). 
Madras. 
Ova diameter 17.0 Once a Dec. to Rao. T. 
year March Appa 
(1967). 
Waltair. 
Gonado-somatic Once a Feb. to Mohan 
index year March (1977) • 
Mandapam. 
Ova diaJlleter 13.5 Once a Feb. to 13.405 Mohan 
year April to (1977) • .... 
44.'67 Mandapam. 0 
" 
Ova diameter 13.4 Once a Sept. to ".423 Gandhi 
year October to (1982) • 
79.835 Port Novo. 
13. Johnieoe§ Ova diameter 11.5 Throughout All 46.585 Baragi 
osseus the year month (1980) • 
Manglore. 
Table 11 , Key to the maturity stage s in females and males of J. sina 
Maturity 
stages 
(1) 
I. 
II. 
Ill. 
IV. 
State of 
M'3turity 
(2) 
Immature 
Early 
Maturing 
Late 
Maturing 
Mature 
Nature and extent of 
ovary in the body cavity 
(3) 
Ovary white creamy in 
colour, thread like 
extending upto 1/4th 
of body cavity. Ova 
not visible to the 
naked eyes 
Ovary yellow-red in 
colour, occupying 
1/4th to 1/2 in the 
body cavity, ova not 
visible to the naked 
eye 
Ovary cylindrical, 
creamy red in 
colour, occupying 
Y2 to 2/3rd in the 
body cavity 
Ovary increased in 
size, yellowish or 
creamy red in colour 
oc cupying the 2/3rd 
leng t~ of body 
cavity 
Appearance of 
ova under 
microscope 
(4) 
Small, yolltless 
transparent with 
a clear nucleus 
Small in size, 
yollt formation 
just started 
around nucleus 
Slight I Y larger 
size, yolk 
deposition 
around nucleus 
Medium sized 
opaque ova 
Range of 
ova dia-
meter in 
mID 
(5) 
0.013 to 
0.117 
0.117 to 
0.19~ 
0.195 to 
0.390 
0.390 to 
O.4~5 
Nature and extent 
of testes in the 
body cavity 
(6) 
Thin, thread like 
white in colour, 
occupying less 
than 1/4th length 
of the body 
cavity 
Small, flattened 
white in colour, 
extendirl9. upto 
Y3rd to Y4th the 
lengt·h of the 
body cavity. 
White in colour, 
occupying Y2 
the length of 
body cavity. 
White in colour, 
occupying 3/4th 
of body cavity. 
'en td •••••••• 
... 
o 
Q) 
(1) (2) (3) (4) (~) (6) 
v. Ripe Yellowish or creamy Large si zed, 0.455 to White in colour 
red in colour, blood mature, highly 0.480 occupying whole 
vessels seen on dorsal opaque ova. body cavity. 
side. Ovary occupied 
3/4th to 4/5th in 
body cavity. Ova seen 
prominently. 
VI. Spawning Ovary reddish white in Large size ova 0.480 to White in colour, 
colour, occupying the with oU 0.533 occupying whole 
whole body cavity. globule. body cavity. 
Ova seen prominently ... 
through ovary wall. 0 
'" 
VII.A. Partially Ovary reddish in colour, Ova with yolk 
-
White in colour, 
spent slightly flabby occup- deposition smaller than the 
ying slightly less than fully or previous one in 
the full length of the partially. si ze, occupying 
body cavity. 4/5th body testes 
collapsed, occup-
ying 2/3rd to 1/3 
tile lellyth o~ 
body cavity. 
VII.B. Fully Ovary loose, shrunken nuerous small Testes collapased, 
spent with blood shot. ova, f_ yolked occup'ying 2/3rd 
bigger ones in to 113rd the 
reabsorbing length of body 
condition. cavity. 
Table 12 
Maturity 
Stages 
( 1 ) 
I. 
II. 
III. 
: Key to the maturity stages in females and males of Q. ruber. 
State of 
Maturity 
(2) 
Immature 
Early 
Maturing 
Late 
Maturing 
Nature and extent of 
ovary in the body 
cavity 
(3) 
Ovary thin, thread like, 
pale creamy in colour, 
extending 1/4th the 
length of the body 
cavity. Ova not visible 
to the naked eyes. 
Ovary small, tubular 
fills 1/3rd to 1/2 
body cavity, ova not 
visible to the naked 
eyes. 
Ovary large tube like, 
pink creamy to yellow 
in colour, occupying 
1/2 of body cavity. 
Appearance of 
ova under 
microscope 
(4) 
Range of 
ova 
diameter 
in mm 
(5) 
Small, yolkless, 0.0113 to 
transparent with 0.120 
prominent nucleus 
Transparent ova, 
yolk formation just commenced 
around nucl eus. 
Ova larger than 
ear liar stages, 
nucleus partly 
or completely 
hidden by yolk. 
0.120 to 
0.195 
0.200 to 
0.355 
• 
Nature and 
extent of testes 
in the body 
cavity 
(6) 
Thin, pale white 
in colour exten-
ding uP.to less 
than 1/3rd length 
of body cavity. 
Tubular, pale 
white in colour 
extending 1/3rd 
of body cavity. 
Whit .. in colour, 
occupying Y2 the 
length of body 
cavity. 
Contd ••• 
.... 
.... 
o 
(1) (2) 
IV. Mature 
V. Ripe 
VI. Spawning 
VII. Spent 
(3) 
Ovary creamy to yellow 
in colour, extending to 
2/3rd or more than 
length of bOdr cavity, 
ova seen easi y blood 
vessels appeared on 
dorsal side. 
Ovary reddish in colour, 
sometimes creamy redd~sh, 
extending more than 3/4tn 
of body cavity, blood 
vessels prominent, ova 
seen prominently. 
Ovary reddish or creamy 
reddish in colour, 
extending the whole body 
cavity, oya seen through 
ovarian wall. 
Ovary blood-shot, 
shrunk, flaccid. 
(4) 
Ova large, 
opaque, nucleus 
not seen 
Ova large, 
highly opaque. 
Ova largest in 
size, ripe, yolk 
vacuolated with 
011 globule. 
F_ large ova, 
some in degene-
rating stage, 
numerous 
immature ova. 
(~) 
0.500 to 
0.660 
0.660 to 
0.820 
-
(6) 
Whitish in 
colour, larger in 
diameter, not 
perfectly tubu-
lar, occupying 
3/4th of body 
cavity. 
Whitish in 
colour, occupying 
4/5th of body 
cavity. 
Whitish in colour, 
fill ed t he entire 
body cavity. 
Shrunken, occup-
ying 3/4th or 
less the length 
of body cavity. 
... 
.... 
... 
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Table 13 : Frequency of spawning observed by di f f eren t methods. 
Sr. 
No. 
1) 
2) 
3) 
4) 
Method. 
OYa-d1aaeter 
frequency 
polygon 
. Fig.s 
Percentage 
occurrence of 
.. turefishes 
Fig.9,10,ll,12 
Kn value, 
Fig. 24 
aSI values 
Fig. 13 
Conclusion 
Observations 
----------------------------------
.... lt1modal 
frequency, 
IIOdea not 
sharply 
differenti-
ated from 
one another 
Mature fishes 
occurred 
throughout 
the year 
Value, vari-
ed within a 
narrow range 
throughout 
the year 
Indices 
varied wi thin 
a narrow 
range 
Spawning 
protracted. 
Breed, 
almost thro-
ughout the 
year 
.' 
Q. ruber 
Single mode of 
mature ova, 
distinctly sepa-
rated fro. 
others. 
Mature fishes 
occurred during 
September to 
Jan4ary~ 
Value. were high 
·during September 
to November. 
Indices were high 
during September 
to November. 
Spawning restri-
cted. Breeds at 
a definite period 
and within a 
short interval of 
time. 
Table 14 : Sex composition in l. sina in each cm. length group during 1986-88 
L No.of No. of sexes % of sexes Ratio Chi-
in cm fi:;h --------- -------------- square d.f. Remarks 
mid ex ami- Male Female Male RtLlllale Male: Fema- value 
value ned le 
7.0 J~ 28 7 80.00 20.00 1,0.25 12.6000 1 * • 
8.0 123 83 40 67.48 32.52 1: 0.4& 15.0325 1 * • 
9.0 1~9 98 61 61.63 38.37 1 :0.62 8.6100 1 * • 
10.0 221 127 94 57.47 42.53 1:0.74 4.9276 1 * • 
11.0 409 257 152 62.84 37.16 1,0.59 26.9559 1 * • 
12.0 636 354 282 55.60 44.34 1: 0.80 8.1509 1 * • 
13.0 804 413 391 51.37 48.63 1:0.95 0.6020 1 N.S. 
14.0 665 334 331 50.23 49.77 1:0.99 0.01~ 1 N.S. .... .... 
w 
15.0 ~82 275 307 47.25 52.75 1:1.12 1.7595 1 N.S. 
16.0 457 159 298 34.79 65.21 111.87 42.2779 1 * • 
17.0 236 58 178 24.58 75.42 1:3.07 61.0169 1 * * 
18.0 99 17 82 17.17 82.83 1,4.82 42.6768 1 * * 
19.0 52 13 39 25.00 75.00 1:3.00 13.0000 1 * • 
20.0 15 1 14 6.67 93.33 1113.99 11.2667 1 * • 
21.0 7 7 00.00 100.00 
- - -
22.0 1 1 100.00 00.00 
23.0 ' 2 2 00.00 100.00 
24.0 1 1 00.00 100.00 
Total 4504 i218 2286 49 . 25 50 . 75 1 : 1 . 0306 1.02 1 N.S 
• Si gnificant a t 5% l evel . 
;III. Significant at 1% level. 
Table 15 : Sex composition in Q. ruber in each cm length group during 1986-88 
% of RaUo 0\1-Length No.of NO. of .sexes sexes 
in cm fish -- square d. f. Remakra 
mid ex ami- Male Female Male Female Male:Fem- value 
value ned a18 
11.0 56 31 25 55.35 44.65 110.8065 0.6429 1 N.S. 
12.0 60 21 39 35.00 65.00 1:1.8511 5.4000 1 • 
13.0 128 67 61 52.34 47.66 1:0.9105 0.2813 1 N.S. 
14.0 153 75 78 49.02 50.98 1:1.0400 0.0588 1 N.S. 
15.0 283 134 149 47.35 52.65 1:1.1119 0.7950 1 N.S. 
16.0 310 105 205 33.87 66.13 1:1.9524 32.2580 1 
• * 17 .0 262 99 163 37.78 62.22 1:1.6465 15.6336 1 
• * 18.0 261 123 138 47.12 52.88 1:1.1219 0.8621 1 N.S. 
19.0 176 66 110 37.50 62.50 1:1.6667 11.0000 1 * * 
20.0 149 59 90 39.60 60.40 
.... 
1:1.5254 6.4497 1 * .... ... 
21.0 115 64 51 55.65 44.35 1:0.7969 1.4696 1 N.S. 
22.0 76 30 46 39.47 60.63 1:1.5333 3.3684 1 N.S .• 
23.0 45 17 28 33.77 62.27 1:1.6470 2.6886 1 N.S. 
24.0 22 5 17 22.73 77.27 1:3.4000 6.5455 1 
* 
25.0 13 5 8 38.46 61.54 1:1.6000 0.6923 1 N.S. 
26.0 24 16 8 66.67 33.33 1:0.5000 2.6666 1 N.S. 
27.0 34 19 15 55.88 44.12 1:0.7894 0.4706 1 N.S. 
28.0 19 6 13 31.58 68.42 1:2.1667 2.5789 1 N.S. 
29.0 10 8 2 80.00 20.00 1 :0.2500 3.6000 1 N.S. 
30.0 14 2 12 14.29 85.71 1:6.0000 7.1418 1 * * 
31.0 4 4 0 100.00 00.00 
-
32.0 4 2 2 50.00 50.00 1:1.0000 0.0000 1 N.S. 
33.0 2 0 2 00.00 100.00 
-
TOTAL 2220 958 1262 43.15 56.85 1:1.3173 41. 6288 1 
** 
Table 16 
Months 
Sept.86 
Oct.86 
Nov.86 
Dec.86 
Jan.87 
Feb.87 
. 
• Monthwi se sex ratio in l. sina during 1986-87 and 1987-88 
No.of 
fish 
exami-
ned 
561 
247 
662 
489 
221 
+ 
No. of sexes 
--------
Male Female 
264 
113 
355 
292 
t21 
297 
134 
307 
197 
100 
% of sexes 
---------
Male 
47.05 
45.75 
53.63 
59.71 
54.75 
Female 
52.95 
54.25 
46.37 
40.29 
45.25 
Sex Chi-
ratio square 
MalelFem- value 
ale 
1:1.12 
1:1.18 
1:0.86 
1:0.67 
1 :0.83 
1.9492 
1.7854 
3.4804 
18.4560 
1.9~5 
d.f. 
1 
1 
1 
1 
1 
March 87 253 172 81 67.98 30.02 hO.47 32.7312 1 
April 87 429 255 174 59.44 40.56 1 :0.68 15.2937 1 
Remarks 
N.S. 
N.S. 
N.S. 
* ~ 
N.S. 
* * 
* * 
May 87 130 64 66 49.23 50.77 1: 1.03 0.0308 1 N.S. 
Total 2~9~9~2------~16-3~6-------1-3~5~6~------5~4~.~6~8------~4~5~.~3~2------1~:-0~.~8~2~8~8~---2~6~.~2~O~2~2-----1------~*~*~---
Sept.87 
Oct. 87 
Nov. 87 
Dec. 87 
Jan. 88 
Feb. 88 
March 88 
April 88 
May 88 
Total 
Gra nd 'l'o t c: l 
85 
265 
261 
222 
64 
113 
261 
140 
103 
1512 
4504 
38 47 44.70 65.30 1:1.23 0.9529 
102 163 38.49 61.51 1:1.60 14.0415 
104 157 39.85 60.15 1:1.51 10.7624 
89 133 40.09 59.91 1:1.49 8.7207 
19 45 29.69 70.31 1:2.36 10.5625 
46 67 40.70 59.30 1:1.46 3.9026 
105 156 40.23 59.77 1:1.48 9.9655 
45 95 32.14 67.86 1:2.11 17.8571 
34 69 33.00 67.00 1:2.03 11.8932 
582 930 38.49 61.51 1 Ii .59 6 0.0952 
2218 2286 49.25 50.75 111.0306 1.02 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
N.S. 
* * 
* * 
* * 
* * 
* 
* * 
* * 
* * 
* * 
N.S. 
+ ::0 collect. i o n co\ .l~ b e c·t,Le DS the autllor WHS away to eochin for con S lllt~ tior! wi th h i L ~l!id c 
Table 17 • Monthwise sex ratio in Q. ruber during 1986-87 and 1987-88 • 
No.of No. of sexes % of sexes ~ex Chi-
fish 
----------- -----.-----
ratio square d. f. Remarks Months 
exam- Male Female Male Female Male:Fem- value 
ined ale 
Sept.86 120 88 32 73.33 26.67 1:0.3636 26.1313 1 ** 
Oct. 86 146 63 83 43.1~ 56.85 1:1.3175 2.7397 1 N.S. 
Nov. 86 203 10!!> 98 51.72 48.28 1:0.9333 0.2414 1 N.S. 
Dec. 86 153 62 91 40.52 59.48 1:1.4677 5.4967 1 >f{ 
Jan. 87 176 78 98 44.32 55.68 1:1.2564 2.2727 1 N.S. 
Feb. 87 
March87 38 8 30 21.05 78.95 1:3.7500 12.7368 1 ** 
April87 136 43 93 31.62 68.38 1 :2.1628 18.3823 1 ** 
May 87 60 73.33 1:2.7500 13.0667 ** ..... 16 44 26.67 1 ..... 
0\ 
Total 1032 463 569 44.86 55.14 1:1.2289 10.8876 1 ** 
Sept.87 211 83 128 39. 34 60.66 1:1.5422 9.5972 1 ** 
Oct. 87 173 49 124 28.32 71.68 1:2.5306 32.5144 1 ** 
Nov. 87 229 72 157 31.44 68.56 1 :2.1806 31.5502 1 ** 
Dec. 87 121 66 55 54.55 45.45 1: 0.8333 1.0000 1 N.S. 
Jan. 88 154 42 112 27.27 72.73 1:2.6667 31.8182 1 ** 
Feb. 88 90 65 25 72.22 27.78 1 :0.3846 17.7777 1 ** 
March88 115 66 49 57.39 42.61 1 :0.7424 2.5130 1 N.S. 
April88 29 11 18 37.93 62.07 1:1.6364 1.6696 1 N.S. 
May 88 66 41 25 62.12 37.88 1: 0.6097 · 3.8788 1 * * 
To t a l n~~ 495 69:l 41.67 5~.33 t:1.4~~(5 :l:l.~~~O 1 V ,. 
Grund Tota l 2220 95~ t262 43.15 56.~5 1:1.3173 4 J. .6288 1 • • 
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CHAPTER -III AGE AND GROv."TH 
Length-weight relationship 
Introduction 
Length-weight relationship expressed 1n mathe-
matical terms has many practical applications in fish ery 
biology. The relationship derived from length-weight 
m&asurements is used to obtain one of the measurements 
when the other is known. It is also useful 1n studying 
the condition, ·well being- of the fish in the population 
by calculating the condition factor (K) or relative cond-
ition factor (Kn) ~Le eren, 19~1) and to determine it's 
changes with age, sex, season etc. 
Material a nd Methods 
The samples of ~. sina and Q. ruber were collec-
ted from the commercial trawl catches l anded at Mirkar-
wada fisheries harbour, Ratnagiri, from September 86 to 
May 87 and September 87 to May 88 periods. The sampl es 
were kept in deep freezer on the same day evening. Next 
day morning, the fish were thawed under running tap wat er 
and water drained out completely by keeping the samples 
in seive. These samples were used for all biological 
studies. Total length and weight were measured upto 
mm and 0.5 9 respectively. 
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The methods suggested by Le Cren (1951) were 
adopted to compute length-weight relationship and 
relative condition factor for two species separately. 
Computations were made for male and female separat ely. 
The length-weight relationship always be represented 
by W = a Lb, where Wand L are wei ghts and lengths of 
fish respectively and 'a' and 'b' are two constants 
(initial growth index and exponent, the r egression 
respectively). A logarithmic transformation gives 
the straight line relationship as, 
Log W = Log a + b x Log L 
Le Cren's (1951) relative conditi on factor (Kn) was 
calculated using the formula, 
Where, 'W' is the observed weight and W is then calcul-
ated weight of the fish. 
Analysis of covariance te st was applied to test 
the identicality of regression line s, equality of slopes 
of males and females relationships (Snedecor and Cochran, 
198D). This was used to find out whether the males and 
females could be pooled together f or a common relation-
ship or not. Computations were done for two species 
separately. 
Results 
1706 specimens of I. ~ (mal e 062 , Female-1 044) 
11 9 
and 666 of Q.ruber (male 318, Female 348) were utilized 
for length-weight estimation. The computed values of 
length-weight relationships are given in Table 18 • 
Highly significant coefficient correlations have been 
observed in EBch relationship. 
Test on identicality of straight lines was applied 
to find out whether the data of male and female cOUld be 
pooled together to have a cornmon relationship for all or 
not. This test helps to know wh ether these two lines 
are identical to each other or otherwise. If the test 
is not significant, then th e straigh t l i ne s are identica l 
and also indicat e s the equality in valu es of 'b' and ' a ' 
of lines. It means, two lines are parallel to each oth er 
and originate from a single point, that is it i s the only 
one line for two relationships. In such case a cornmon 
relationship can be found out. If the straight lines 
, 
are not identical the values of 'b' or 'a' or both are 
not equal. It shows that those two lines are not parallel 
to each other because of different origins (a) or differ e-
nt angles of inclination (b) or both . Here a cornmon 
relation is not applicable but it is essential to find 
out the reason, whether it is because of 'b' or 'a' or 
both different values. For this the same t est (F test) 
is applicable here. If the test for two slopes proves 
to be not significant, then the 'b' values of two lines 
are equal and obviously the differ ence is due to diffe-
r ent values of 'a'. If the test is si gnificant then the 
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values of 'b' are different. Then onwards the F test 
was applied to test 'a' values. 
In ~. sina. the test on identicality of 
strainght lines and for slopes for male and female 
were not significant at 5% level of significance 
(F1 = 0.2748. d.f. 1.1702. F2 = 6.4351. d.f. 1,1703 
respectively, Table 19 ). Similarly in Q. ruber also 
those values were not significant at 5% level of signi-
ficance (F1 = 0.3634. d.f. 1.662. F2 = 4.9977, d.f. 
1.663 respectively. Table 20). Hence for both the 
species. the data of male and female pooled together 
for the common length-weight relationshps for each 
species separately (Table 18). 
Relative condition factor 
As per Hickling (1945) & Qasim (1957). the Kn 
values decrease with increase in size and due to deve-
lopment of gonads to maturity in f i shes. In~.~. 
the lowest Kn values observed were at 11.0 cm for male 
and 12.0 cm for female (Fig.23 ) and in Q. ruber at 
21.0 cm and 23.0 cm for males and female respectively 
indicating their lengths at first maturity (Fig.23 ). 
These inferences were further supporteJ by the 
reproductive studies (percentage of occurrance of 
mature fishes. Fig.14). 
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Fig.24 showed the seasonal variations in 'Kn' 
values from September to May for both the species. In 
case of l. sina, 'Kn' values of both the sexes fluctu-
ated within a narrow range. Observati ons on food and 
feeding habit showed that this species was poorly fed 
(Table 2 ). Actively fed adults were less in percenta-
ges. Also no regular periodicity in the intensit y of 
feeding has been observed (Fig. 3 ). So it cleared 
that the food did not have any relati on for variations 
in the weight of the species. Similarly from September, 
to May most of the fishes were in mature stages. 
Ovaries and testes were found in IV, V and VI stages of 
maturity throughout vhe period of observation (Fig.9 , 10> 
No large changes in development of gonads have been 
noticed during 6eptember to May and moreover this species 
is a protracted spawner. All these factors were respo-
nsible for very less varations in 'Kn' values. , 
In case of Q. ruber 'Kn' values were high during 
October from th ere onwards it decreased upto April and 
increased sligbtly in May. It showed that the spawning 
took place during October to January. This species is 
also poorly fed with less percentages of actively fed 
fishes ( Table 3) . So it's food did rIot have any effect 
on its weight and hence the development of reproductive 
organs was responsible for variations i n 'Kn' values. 
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Discussion 
The weight of a fish increases approximately 
by cube of it's length, since 12ngth is a linear measure 
and weight a measure of volume. The value of 'b' is 
normally found to be '3' for an ideal fish, provided the 
form and specific gravity of the fish remained constant 
throughout the life. Allen (1938)hu ' showed the value 
of 'b' for an ideal fish which maintained constant shape 
was '3'. However the change in morphology due to incre-
age in age, 'b' value departs substantially from '3'. 
50 Le Cren (1951) stated that a more general parabolic 
equation of the form W = aLb would serve better than the 
cubic formula. Also according to Hille (1936) and 
Martin (1949) the value of 'b', the exponent in parabolic 
equation usually lies between 2.5 to 4.0. Beverton and 
Holt (1957) have stated that the values of 'a' and 'b' 
may vary within wide limits for every similar data. 
They also stated that isometric growth in adult fishes 
were rare. The 'b' value in Thyrsites atum (Blackburn, 
1960) is below 3.0, in 5ardinella longiceps from Calicut 
waters varied from 2 .5 to 3 .0 for indetelminate, immatu-
re and mature (Antony Raja, 1967). The value of 'a' will 
depend upon the fatness, being high in fat fish es and 
low in thin fishes (Brown, 1957). 
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In the present studies, ' b ' values in l. sina, 
for male and f ema le were 3.3045 and 3.2792 respectively 
and similarly i n Q. ruber, they wer e 3.0395 and 3.0887 
r espectively as above. Test on identicality of 
stragith lines showed that the strai ght lines of both 
species were identical and hence da ta of each species 
pooled together for a common r elationship. 
In case of Johnius (Johnieops) dus sumieri from 
Kakinada, 'b' values were 2.8816 f or male and 3.0649 for 
female (Murty, 1979). The analysi s of covariance showed 
no significant difference between t hese two values, he nce 
a common relationship was estimated and 'b' value wa s 
2.7634. Similarly in case of Johnius carutta from 
Kakinada, the 'b' values were 3.2258 for male and 
3.2457 for female which were not significantly different 
and common relationship was calculated and 'b' was 3. 2334 
(Murty, 1979). Baragi (1980) st udi ed t he length-weight 
relationship for Johnlus osseus from Manglore and Malpe . 
'b' values were, for Mangalore, male : 3.1479, female ~ 
3.1877; for Malpe, male = 3.0468, female = 3.1071. He 
didn't find any significant differe nces between sexe s 
of speCies co llected f rom differ ent pla ces . Therefo r e 
common relationshi p was estimated ( b = 3.1 540). Muthaiah 
(1982) has cal cula ted the 'b' value f or Johnieops vogleri 
from Bombay wat er s a s 3.2866 for male and 3 .2808 f or 
f emales. Appa Rao (1 982) found th e 'b' values for 
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Pennahia macrophthalmus from W- Itair and those were 2.8380 
for males and 2.8684 for females which were less then '3'. 
Vivekanandan (1985) estimated the length-weight relation-
ship for Johnius carutta from Madras and 'b' values 
were 2.7501 for females and 2.8159 for males. Those 
values were different from those obtained for the same 
species from Kakinada by Murty (1979). Vivekanandan 
found not significant test by analysis of covariance and 
hence a common relationship was estimated where 'b' was 
2.7990. 
The aforesaid works on Sciaenids showed that 'b' 
values were not significantly different within t he sexes 
and even between the same species collected from two 
different places (Baragi, 1980). For Johnius carutta 
from Kakinada (Murty, 1979) and from Madras (Vivekanandan, 
1985), 'b' values were different but were not tested for 
, 
combined relationship. But in l. ~ and Q. ruber 
the tests for identicality of straight lines were not 
significant for male and female. The Variation of the 
observed weight from the expect ed wei ght of individual 
fish gives information about its fatness, general well 
being or gonad development of fish. Those variations 
have been studied by calculating condition factor 
(Hile, 1936; Thompson, 1945). The period of inflexion 
in the curve showing diminution of ' Kn' with increasing 
length is the length at which the fish attained the 
size at first sexual maturity (Hickling, 1945; Qasim 
1957 and Morrow, 1951). 
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As stated above, in case of I. ~, 'Kn' 
values decreased to 0.96 at 11.0 cm and to 0.94 at 
12.0 cm in male and female respectively (Fig. 23). 
the 
Afterwards the values rose to 1.04 in~case of male and 
the 
to 1.02 in Case of female at 14.0 cm length for both 
A 
the sexes. Similarly monthwise 'Kn' values showed 
fluctuations within a narrow range (Fig.24 ). Nair 
(1977) noticed the lengths at first maturity for male 
12.5 cm and for female 11.5 cm by ' Kn' values for 
I. ~ from Calicut. Hickling (1945) found high and 
low 'Kn' values before and after spawning of Sardina 
pilchardus and also depend upon food intake. Similarly 
Le Cren (1951) also noticed relation between relative 
condition and gonad weight of Perca fluviatilis. But in 
J. ~ high or low 'Kn' values were not noticed 
throughout the year . It showed that development of 
gonads was a continu9us process throughtout the ye ar . 
No wide variations were observe in the 'Kn' value s of 
fish. Also this fish was poorly fed (Tabl e 2 ).indica-
ting no effect on 'kn' values on account of poor food 
intake and irregularity in the intensity of feeding. 
If the gonads would have been de veloped fully and the 
fish spawned once and completely comi ng ba ck to resting 
stage, then definitely 'Kn' values might have been 
changed widely. It showed that this species spawns for 
a longer period of times. 
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In the case of Q. ruber, the length s at first 
maturity were 21.~ cm for male and 23 .0 Cm for f emales. 
Also high 'Kn' values have been noticed during September 
to October and the n onwards declined upto April indica-
ting spawning during October to January. Here this 
fish also poorly fed and hence the possibility of food 
intake influencing 'Kn' values could not be ascertained. 
In Johnius (Johnieops) dussumieri and Johnius carutta, 
'Kn' values varied with development i n gonads and 
spawning (Murty, 197Y). In Johni eops vogleri, the ' Kn' 
values were high in December because of high intake of 
the 
food in that month (Muthiah, 1982). InAcase of Johnieops 
osseus, Baragi (1980) f ound mo nt hly variations in its 
'Kn' values and he pointed out that maturity and spawning 
were not be the factors responsi ble . Blackburn (1960), 
James (1967) and Nair (1903) point ed out that sex ual 
cycle and food ir,tak~ were not th e fa ctors responsible 
for high or low ' Kn' values. 
Growth of fish may vary with envirormental 
factors and physical state of the f ish (Brown,1957). 
The aforesaid st udies showed that minor or Wide vari ation 
in 'Kn' values may be related to the reproductive cycle 
and to some ext ent with feeding. 
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Figure 22 : Length-weight relationship in ~. sina and 
Q. ruber using Log values. 
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Table - 18 • Length-weig h t relationship of J. sina and o . ruber (Length in cm & weight in gms) • 
Length-weight relationship 
aLb 
n r 
Species Sex Log w= Loga+bx Log L W = (Log in In) 
1.. sina Male Log W = - 5.2985 + 3.3045 X Log L W = 0.004999 X L3.3045 662 0.9713 
Female Log W = - 5.2065 + 3.2792 X Log L W = 0.005481 X L3.2792 1044 0.9975 
Male + Log W = - 5.2525 + 3.3071 X Log L W = 0.005234 X 
L3.3071 1706 0.99[5 
Female 
..... 
L3.0395 w Q. ruber Male Log W 4.7508 + 3.0395 X Log L W 0.008645 X 3 18 0.9905 '" = - = 
Female Log VI = - 5.3805 + 3.0887 X Log L W = 0.004605 X L3.0887 348 0.9914 
Male + Log W = - 4.9689 + 3.1313 X Log L W = 0.006950 X L3.0940 666 0.9936 
Female 
Table 19: Comparition of regression lines, male and female of J. ~ by ANOCOVA 
d.f. x2 y2 xy Reg. Deviation from Regression 
Coef. d.f. s. S. M. S. 
Within 
1 • Male 661 8.4950 98.3404 28.0718 3.3045 660 5.5769 
2. Female 1043 17.1414 201.0332 56.2103 3.2792 1042 16.7077 
3. 1702 22.2846 0.0131 
4. Pooled 1704 25.6364 299.3736 84.2821 3.2876 1703 22.2882 0.0131 ... 
w 
w 
5 . Difference between slopes 1 0. ' )36 ( , 0 036 
6 . Between 1 .3591 18.2481 4.9950 
7. Total 17 05 26.9955 317.6217 89.2771 3.3071 1704 22 .3725 
Be tween adjusted mean 1 0.0843 0.0843 
Comparision of slopes 
· F1 = 0.0036/0.0131 = 0.2748 (d.f. = 1,1702) N.S. • 
Comparision of elevations • F2 = 0.0843/0.0131 • = 6.4351 (d.f. = 1,1703) N.S. 
Table value for d.f. 1,1703 (1702 ) at 5% level of significance = 7.88 
Table 20 ': Comparition of regre ssion lines, male and female of Q.ruber by ANOCOVA 
d .f. x2 y2 xy Reg. Deviation from Regression 
Coe f. d .f. S. S. M. S. 
Within 
1 • Male 317 13.9370 142.4998 42.3608 3.0395 316 13.7463 
2. Female 347 12.0812 130.1417 37.3154 3.0887 346 14.8850 
3. 662 28.6313 0.0432 
4. Pooled 664 26.0182 272.6415 79.6762 3.0623 663 28.6470 0.0432 
5. Difference between slopes 1 0.0157 0.0157 .... w 
... 
6 . Between 1 0.7538 18.7322 4.1566 
7. Total 665 26 .7720 285 .1483 82.8328 3.0940 664 28.8629 
Between adjusted 1 ~.2159 ~.2i5C) mean 
Comparision of slopes • F1 = 0.0157/0.0432 = 0.3634 (d.f. = 1,662) N.S. • 
Comparision of elevations :F2 = 0.2159/0.0432 = 4.9977 (dof • = 1,663) N.S. 
Tabl e value for d.f. 1, 663 (662) at 5% l evel of significance = 7.88 
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Age and growth 
The knowledge of the age s t r uct ure of fish popul ation 
from year to year he lps to furnish morta lity and survi val 
rat es of various year classes and also the success of yearl y 
recruitment. This indicates the need for such studies i n 
the management of exploited fish st ock. Analysis 07 size 
and age data of fish gives estimat e s of growth rate of fish 
and also explains the role played by various strength of 
year classes in th e f luctuations of the f ishery. The 
determination of maximum sustaina ble yie l d is based on 
growth (Beverton and Holt. 1957). The rational exploitation 
of the fishery depends on adequate i nfor mation of these 
vital rates for which accurate asses sment of age i s 
e ssential. 
Studie s on ag e and growth of few specie s of sCi aenid s 
from Indian waters have been studi ed (Table 21 ). Narayan-
kutty (1961) studied the scal e s of Otolithoides biauri tus 
but didn't assign the age for growth marks. Age and growth 
of Johnius dussumieri have been studi ed by using length 
frequency method from Bombay (Savant, 1963). Nibea coiber 
has been studied by Rajan (1964) from Chilka lake for 
estimation of age and growth where he applied length 
frequency method. Venkat Subba Rao (1 966) with the help 
of l ength frequ ency method. otolith s and scales, estimated 
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age and growth of Protonibea diacant us from Bombay. The 
same species has been studied by Sreenivas Rao (1968) from 
the same place where he used length-frequency method and 
scale observation. Jayprakash (1973, 1977) observed the 
vertebra, length frequency and scale of otolithoides 
biauritus .from Bombay for estimation of age and growth. 
By length-frequency method, age and growth studies were 
carried out on Pennahia macrophthalmus from Mandapam 
(Mohan, 1977), Johnieops vogleri from Bombay (Muthiah,1982 ) 
Johnius carutta from Madras (Vivekanandan, 198~). Nair 
(1974) studied the length-frequency and growth marks on 
scales of J. sina from Calicut region for estimation of 
- -
age and growth. Details regarding the a ge and growth of 
Q. ruber from Indian waters have not been studied so far. 
Methods for determining age and growth of fishes 
are (1) length-frequency method (2) growth checks on hard 
parts (3) by rearing the fish in pond or aquarium and (4) 
mark - recapture method. Last two methods were not 
considered since the species are delicate and the procedures 
are lengthy. Hence length-frequency method and studies of 
growth checks on hard parts were considered in this chapt er. 
Length-frequency method: Analysis of length 
frequency data by Petersen's method (1929) enables in 
determining the average size of a fish at different ages. 
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-With 'Petersen's method', assumptions are made as to the 
time interval separating the various peaks of one length 
frequency sample, these peaks being assumed to represent 
di stinct age groups." (Pauly, 1983). Probability paper 
is useful for separating the different ag e groups 
(Harding, 1949; Cassie, 1954). Modes should be wide 
apart and overlapping of successive age distribution 
should be minimum. Due to continuous spawning or high 
growth rate or because of both rea sons, modes overlap 
and becomes difficult to separate them. But first one 
or two modes will be clear and tho se should be select ed 
to get the idea of ages. Petersen's method is most us eful 
for the fishes whi ch spawn once in a yc ~r at a particular 
period. Fishes which spawn continuously age distributio ns 
overlap and become difficult to separate them. 
Growth checks on hard parts: Characteristic marks 
in hard parts which appear at regular intervals during 
waters growth of fish in temperate are frequently used as 
indicators of age. Scales, otoliths and opercular bones 
are commonly used for age determination, though vertebrae . 
cleithra, finrays etc. are also used (Bagenal, 1974). 
Growth checks are formed during alternate periods 
of faster growth and slower growth or no growth at all. 
Vari ous environmental and or internal influences also 
r efl ect the growth marks (Simkiss, 1974 ; Bilton, 1974). 
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During favourable temperature conditions and obundant 
food supply the fish grows fast and obviously the hard 
structure grows fast forming a broad and uniform band of 
growth. During unfavourable conditions , low diet, fa sting , 
spawning, etc. the growth of fish slows down and naturally 
narrow growth layers are laid down very close to each 
other producing a narrow but dark band. These broad and 
narrow bands form a single growth-check in a season 
or year. Environmental conditions and physiology of the 
fish are responsible for the formation of growth checks. 
I f the seasonal temperature differences are greater, the 
annual marks will be more clear. So in temperate regions 
growth checks are more distinct (Bagenal et al, 1978). 
Hence in temperate countries, the age determination of fish 
by counting the periodiC markings in the skeletal structures 
is well established. It has become accepted routine in 
many fishery investigations. 
[he sta ble environment and continuous breeding 
habits of many tropical species lea d to marks being laid 
down at any time of the year and in many number ( Weat herleY j 
1972). However, in tropical waters otolith, sca le s 
etc. have been used for age determination by many workers 
(Nair, 1949;SQshappa and Bhimachar, 1951, 1954, 1955; Pillay, 
1954; Radhakrishnan, 1954, 1957; Saroj ini, 1957; Jhingran, 
1957; Seshappa, 1958; Balan, 1959; Kutty, 1961; Rao, 1961; 
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1966,68), I n Indi a man y wor ke r s hav E- t r i ed t o use g r owt h c · ed:s 
on hard pa rts but have found it difficult i n fixing the 
pe riodicity of g rowth check f ormation . 
Validation of tha method: Graham (1929), Van 
Oosten (1929) and De Bont (1967) listed the following five 
criteria for validation of growth checks -
1) Scales or bones must remain identical throughout 
the life of fish. 
2) Growth of th e scale or bone must be proportio nal 
to the overall growth of the fish. 
3) A regular increase in body size must correlat e 
with increased number of growth ch ecks. 
4) Growth ch eck must be formed yearly or duri ng 
specific periods of a year. 
5) Back-calculated lengths should agree with 
emprica 1 lengths. 
Back-calculation: The rea ding of scales and other 
structures for back-calculation of past lengths for age 
is a common technique suggested by many authors (De Bont, 
1967; Tesch, 1968; Weatherley, 1972) . The method suggested 
by Zamachaev, 1941; Le Cren, 1947; Koops, 1959; Penaz 
and Tesch, 1970; Reay, 1972; Tes r h, 1977; has bee n 
utilised for this study. 
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1) Radius was measured from the mid-point that is 
nucleus to the anterior median margin of scale 
or otolith with the help of occular micrometer 
under microscope. 
2) Radius to each growth ch eck was measured in 
micrometer division along the same line as in 
(1) • 
3) Graph for fish length against scale radius was 
plotted. Back calculations are based on the 
relationship between fish-l ength and scale 
radius. The following formulae are suggested 
for different relationships between scale and 
radius. 
a) Linear and pa ssing through the origin, 
b) 
Ln = 2!l X 5 L ................ (1) 
Linear 
Ln - a 
(Lea's formula, 1910) 
but not pl s sing through the origin, 
Sn 
= S (1 - a) ............ (2) 
(Fraser, 1916; Lee, 1920) 
c) Curved (Slope increa s ing) 
~n = SSn 5 ................... 
(Ricker and Lagler, 1942) 
d) S - shaped 
(3) 
Log L = log a + b ( log S) ....... ( 4 ) 
(Hile, 1941) 
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Where, Ln = length of fish when annulus In' was 
formed. 
L = length of the fish when scale sample 
was obtained. 
Sn = radius of annulus In' at fish length 
Ln. 
5 = total scale radius. 
a = intercept. 
b = regression. 
Sn = adjusted distance to the nth annulus. 
5 = average scale radius for a fish of the 
observed length. 
Materials and methods : 
Details about material is given in length-weight 
chapter. 
Measurement of length: Total lengths of specimens 
from the tip of the snout to the largest caudal ray, 
corrected to the nearest milimeter was taken on measuring 
board . 
Length-frequency: The data were grouped at the 
class interval of 0.5 cm for l. sina and 1.0 cm for Q. ruber 
irrespective of th e sex for the day. The numbers were 
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raised for that day for two speci es separately and daily 
raised fi gures added for a month and again raised for 
that month. Such monthly frequency data were convert ed 
in percentage frequencies and repres ented graphically, 
Interpretation of groHth rate ~ i s based on the shifting 
of monthly modes in the length-J:requenc~' distri bution . 
The progression of modes cculd not be traced t hrough 
out the period of s tudy by length frer,uency . Hence in 
order to diss ect out the probabl e m~l~ s rep resenting various 
year classes . the modes we r e grouppd in sets of three by 
permu ta tion and combination and the val idity of mode as year 
classes was tested by using t he formula -
Lt + 1 = Lal ( 1- eK) + eK X Lt •••••••••••• ( 5) 
Where , Leo = asymptotic length. 
Lt = length at time t 
Lt+1 = length at time t+1 
K = coeffici ent of growth, a constant. 
to = age at zero length. 
e = 2.718, a constant. 
It is a derivative of Van Bertalanffy's formula 
L _ -K(t-to)) t - Loo (1-9 •••.•.•.....•..•••.••• (6) 
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Equation '5' is nothing but a Ford-Walfort plot forming 
a simple equation of Y = a+bX 
Where, a = Loo (1_eK) •••••••...•..•..•••••• (7) 
• • 
• 
• 
• • 
• 
• • 
and 
• • 
• 
• 
• • 
-K b = e .......... , , , , , , , •••••• , • , •• (8) 
x '" 4 
-K b = e 
- logeb = K 
a = 
Loo = a/1-b 
.......... ................ (9) 
• • • • • • • • • • • • • • • • • • • • • • • • •• (1 0 ) 
From the above sets of modes, a set or sets or 
modes were selected those had given Lrocloser to the 
maximum length cited in the literature (Table 22 ). 
While selecting the modes, care was taken that the 
differences betwe en successive modes were of decreasing 
Oree r, For estimation of growth parameters, this set was 
used, 
Collection, preparation and mounting of otoliths 
and scales: For the observation, sagittae, the largest 
of the three pairs of otoliths were used . There are many 
methods for extracting the otoliths from the fish 
(Chugunova, 1963; Buckman, 1929; Bagenal and Tesch, 1978). 
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Otoliths (sagittae) are situated in the otic capsule in 
the fish head. Gills were removed and I e ler part of the 
cranium was exposed and otic capsules were seen (Chugunova. 
1963). These otic capsules were cut open and saglttae 
were taken out by forceps. The otoliths were washed in 
fresh water by rubbing them between two fingers. Otoliths 
were dried and stored in paper envelopes writing the date, 
serial number. length. weight and sex of the fish. 
For observations, the otoliths were rubbed from 
both sides on carborundum stone till it turned into thin 
slice. Such thin sections were observed under dissecting 
microscope. immersing them into water against dark back-
ground (Bagenal, 1978). 
In both species, the scales from diff'lrent region s 
of fi sh body were t aken and the region from which least 
vari ations were observed in the sca l e s. was f ixed. From 
that region only scales were taken for the observations. 
The scales 5 to 6 in numbers from th o fixed region on c> ach 
side were held with the help of forc eps and pulled out in 
backward direction. fish head to tail direction (Chugunova , 
1963). The scales were washed in fresh water by rubbing 
them with fingers. dried and stored in paper folds. Date, 
serial number, speCies, length, weight and sex were noted. 
For observations. these scales were held between two 
slides firmly and observed under microscope. The growth 
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check was considered to be at the outer border of th e 
closely spaced ridges. Secondary, false marks were 
carefully observed and true marks were considered. True 
marks are distinct and continuous encircling the nucleu s . 
False marks are l ess distinct and l ess continuous than 
th e true mark s. 
Results: 
Length frequency analysis : 
Data on length were ca l "ct ed during September 86 
to May 1987 and September 87 to May 88 . A total of 5690 
specimens of I. sina (3654 during 1986-87 and 2036 during 
1987-88) ranging from 4.7 to 23. 5 cm were observed. 
In case of Q. ruber total 2025 specimen s (1009 during 
1986-87 and 1016 during 1987-88) ranging from 4 . 5 to 
32 .5 cm were observed. The percentage freque ncies are 
graphically represented in Fig . 25 and 26 for I. sina and 
Q. ruber respectively. 
From the leng th-frequency graph (Fig . 25 ), it was 
observed that the juvenile fishes r ecruited in the fis hery 
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almost in all months. It could be inferred that the 
species is a protracted spawner, spawns mostly throughout 
the year. Because of continuous recruitment, modes were 
overlapping and some modes did ~otshow any continuation 
with modes of previous or next months. This fishery 
mainly consisted of younger group and older groups were 
represented by very few numbers. The pr ogression of mod ,s 
could not be traced throughout t he pe r iod of study. However , 
in initial stages few modes of the s ame cohort could be' 
traceable. 
From the data many modes were found which are as follows, 
7.0, 7.~, 8.0, 9. 0 , 9.~, 10.0, 10.5,11.5,12.0,12.5,13.0, 
13.5, 14.0, 14.~, 15.0, 15.5, 16.0, 16 .5, 17.0, 17.5, 18. 5 , 
19.5. From the above modes, t he modes were grouped in s ets ot 
three 
Land Loo were estimated using formula 5 for each set. TWo 
sets of modes, one with 7.~, 12.5 and 16.5 and other one 
with 8.0, 11.5 and 14.5 gave Loo = 32.5 cm which was 
nearer to the recorded maximum length 30.0 Cm cited in the 
literature (r-lunro , 1955 ; nay,1981 ; FAD, 1984). The 
calculations were as follows. 
Modes 1n a set (cm) 
7.~ 
12.5 
16.5 
Lt(cm) 
12.5 
Lt+1 (cm) 
12.5 
16.5 
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using the equation 5 , 
• 
• • 12.5 = a +7.5 X b ••••..•.•••••••••••• (11) 
• • 16.5 = a +12.5Xb ••.......•••••••.••• (12) 
• 
Solving these two simultaneous equations (11) and (12) 'a' 
and 'b' were estimated as follows: 
b = 0.8000 and a = 6.5 
hence Loo = a/1-b = 32.5 em ••...........•.•.•......• (13) 
and K = -logeb = 0.2231 ••••••••.•..••.••••••••.••• (14) 
For caluculation of life span (T) of l. sina 
following formula was used 
T=t-to=~loge(l-~) •••••••••••••••••• (15) 
wh ere, T = life span. 
t = age at maximum length 
to = age at zero length 
Lt = maximum length attained by fish which is 
slightly smaller than estimated Loo by 0.5 cm. 
Loo = asymptotic length attained by fish (estimated) 
Here, 4 and Leo were the same lengths but for the 
purpose of calculation,Lt was taken slightly less than Leo 
normally by substracting class interval (0.5 cm). Hence 
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e stimated Leo was 32.5 Cm and Lt. 32.0 cm. If both values 
were equal then the value of life span would have been 
infinite. 
• 
• • T = YO.2231 loge (1- ~~:g ) = 19 units of 
time ....... (16) 
(Unit of time may be month , quarter of a year, six month 
or a year etc.). 
Similarly another set of modes used for estimat ion 
of growth parameters and compared with "t he parameter s 
obtained from the previous set of modes. Those two sets 
gave the same value for Loo,So average of the two sets of 
modes was taken for a single set (Table 22). It was 
observed that t he Loo (31.8 cm) estimat ed from the aver ilge 
values of modes of two sets was very closer to the r ecorded 
maximum length (30.0 cm) of th e s peci e s (. !1unr o, 1955; 
Day , 198 1 ; FAD, 1984). This ave r age value was taken f or 
further calculations. 
Q. ruber : 
For this species also, from l ength-frequency graph 
(Fig.26 ) vari ous sets o f modes wer e observed. Using t he 
same method applied for l. sina, di f f erent parameters were 
estimated. Four sets of mode s were observed which gave 
different values for Loo but closer to the observed 
maximum length (75.0cm)given in t he literature (Munro, ]955 
Day , 1981 ; FAD, 1984). The value s f or K, T and M remained 
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unchanged for all sets and even for the average of four 
sets of modes. Hence average of four sets of modes was 
taken for common estimation (Table 23). 
( bservat icn ~ on hare pa rts : ~cale-
Criteria for obtaining reliable determination of 
age and growth from scales were met (Van Oosten, 1929; 
De Bont, 1967). Those were as follows :-
1) Scales were identical and found in all sizes 
of fish examined in both speci es. 
2) The regressions of lengths on scale radii were 
calculated for~o species and the relationships were 
(Fig.27, 28 ), 
l. ~; T.L. = 2.1075 + 0.2579 X S •••••••••••••••••• (18) 
( r = 0.9967; n = 430) 
Q. ruber; T.L. = 0.0845 + 0. 6C)9 X S •••••••••••••••••• (19) 
( r = 0.9939; n = 407) 
Where, T.L. = Total length of the fish in cm. 
S = scale radius in m.d. 
Regressions of total lengths on scale radii showed 
linear relationship indicating that the growth of scale 
and fish were proportional to each other. 
3) It was clear from the Table 26, 27that as the 
length of fish increased the number of growth rings a l~ o 
increased. 
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4) The criterion that growth check must be formed 
yearly (or biyearly or quarterly or mo nthly) and at the 
same time of th e year could not be proved . Minimum mean 
marginal length helps in finding th e period of ring 
formation. After fo rmation of growt h mark or ring , the 
sc a le grows as t he growth of f i sh continues further. Thi s 
forms a margin to the last g rowth mark or ring. Minimum 
marginal length indicates that the ring has formed recently 
and if margin is more then ring fo rmed before some month s 
and not recently. In I. ~ nn clea r mean marginal 
l engths were observed. The f irst growth mark was observed 
in fi shes of 9.00 cm in length (Ta bl e 2.8 ). The l engths 
at first maturity were 11. 2 and 11. 6 cm. f or male and 
f emale respectivel y (Fig. 14 ). It i s a protracted 
spawner. . So the formation of first ring and the successive 
rings could not be r elated with it' s maturity and spawning . 
Similarly in Q. ruber, first growth ring was observed at 
18.9 cm. length (Table 29 ), the l e ngth s at f irst maturity 
were 20 . 6 and 23.0 cm. in male and female r espectively 
(Fig. 14 ). Population of O. ruber spawns from 
November to December (Fig.12,13) . Hence, period of format ion 
of fi rst ring and then onwards successive rings could not 
be related to it's mat urity or spawning activities. Also 
t hese species are poorly fed throughout th e year (Tabl e 2, 3), 
Seasonal variation s in food intak e is responsible for ring 
formation ~u t in th e se species food i t em was not the 
criterion respo ns i ble for ring formation . 
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5) From th e Table 28 ,29 , it could be conc l.uded 
that the back-calculated lengths agreed reasonably wit h 
empirical lengths in two specie s . Since alder specimens 
were landed rarely, sa very few observations could be 
made on larger specimens. 
The asymptotic length obtained from scale studies: 
Back-calculated lengths based on scale studies, were used 
for calculation of age and growth of both species as per 
Michael (19TI) and Mercer (197? \ • The Walford lines 
(Walford, 1946) were plotted for I. ~ and Q. ruber 
(Fig. 29 ). and those were, 
values 
I. sina; Y = 7.0309 + 0.7355 X (r = 0.9762). (20) 
Q. ruber; Y = 13.1584 + 0.81 24 X (r = 0 ,9866 ) (21) 
From the constants of above equations (20, 21), the 
for La:> and K were estimated , those were, 
:I. .ll.!!!.; Lao = 26.9 em. ; K = 0.5859 •.•......• • (22 ) 
Q. ruber Lao = 69.9 em. ; K = 0.4184 •.........• (23) 
In both speCies, the value s of Lao were less than 
the observed maximum values as ci ted in earlier paragraphs. 
Also, the time of ring formati on and nature of ring 
(annua l or biannual) could not be determined . But the sets 
of modes from lengtt1:requency gave La:> nearer to the 
observed maximum ones , So f or estimation of other parameter s 
(growth parameters , mortality, li f e spa n, etc.), the 
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appropriate set of modes sele cted from length-frequ ency 
only were conside red, since they proved to be more reli ab l e 
t han the scale analysis. 
Otolith : 
32 otoliths of I. sina and 44 of Q. ruber were tri ed 
to study the length at various growt h checks. Growth 
markings were not clearly visible. Most of the rings 
were diffused ones and continuous upto the otolith margi n. 
These observations couldn't help i n f ixing the lengths a t 
vari ous growth marking s. Hence otoliths were not considered 
f or the study of age and growth of t hese two species. 
Fixing age 
A fish grows rapid l y in it ' s aarly ppr i od of lif 
and l ater it' s g rowth s l ows down so a 5 to reach to it ' s 
as ympto tic l ength fin al l y . I n oth~r words , af t er a 
defi ni te t ime , th a size of the fis h r ea c hes to i t' s 
maximum s i ze ( asympt otic s ize ) in it ' s life . At th i s ' 
s t age t he growth rat e i s ni l. But it ' s g rowt h r ate i n 
it's last few yea r s of li fe i s very low . Hence a fish 
at ta i n s maximum s i ze i n it' s earl y o~riod of li fe due to 
hi g her growth r ate 3nd t hen onwards , th a differe nce be i ng 
not much, it t akes mu ch time to atta i n a symptotic size . 
The rate at which it g rows an d time r equired to attain 
as ympt otic s i ze are es timatp.d by a coeffici ent of growth 
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factor (K). If K is high then the fish reaches to it's 
asymptotic size in a short period of time as compared to 
that which has low K values. 
Thus l ife span of a fish depends upon K value. If 
K value is low, then more time will be required for a fish 
to a ttain an asymptotic size than a fish having high K 
value. 
Life span of l. sina and Q. ruber were estimated 
using the following equation. 
T = YK loge( 1 - Lt/Loo ) 
The estimated life spans of l. sina and ~ ruber were 21 
and 38 units of time period. 
Longev1 ty : 
As mentioned in the earlier paragraph the life span 
of l. sina is 21 time units. Considering the Leo (31. 8 cm) 
and K value (0.1942) of this fish, it may be safely 
assumed that each time unit is quart erly and the life span 
is about 5 years. Similarly in :ase of o. ruber, with Loo 
(76.5 cm) and K (0.1335) each time unit may be consi dered 
as quarterly and total of it's life span to be about 9-10 
years. The earlier works on age and growth of sciaenid 
species have also arrived more or less at the same 
conclusions. Table 21 indicates the details of the work 
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carried out by different authors on sciaenids in Indian 
waters. 
It is worth noting from th e table referred above 
that for Johnius carutta with Loo= 26 .0 cm, Vivekanandan 
(1985) indicated the age of this fish to be more than 
three years. In Case of l. sina, Loa is about 32.0 Cm 
and it's age estimated as 5 years in this study may be 
acceptable. Other works in this table also support this 
view. Mohan (1977) stated that age of Pennahia 
macrophthalmus was more than 2Y2 years and it's Loo was 
32.0 Cm. The ag e of Johnieop ~ vogleri is more th an three 
years whose Lao is 29.0 cm. (Muthiah, 1982). Nair (1974) 
has studied age and growth of l. ~ and noted it' s age 
to be more than three years. However in his case sizes 
at first year, second year and third ye?r were 13.5, 16. 5 
and 18.5 cm. respectively. Growth in the second and third 
years appears to be small as compared to the first year. 
In the present study the sizes attained at first, second 
and third years were 18.38, 25.64 and 29 .0 Cm. This 
growth is more or less similar to that of ~. vogleri 
studied by Muthiah (1982). So cons idering the above, the 
life span of ~. ~ may be safel y taken as 5 years. 
In case of Q. ruber also, similar argument may 
l ead to the conclusion that it' s life span is about. 
10 years. 
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Discussion 
In fishes which spawn in a short and restricted 
period of a year, the length frequency shows distinct 
modes. These modes represent diff erent year classes. 
Such frequency distribution hel ps in fixing monthly and 
annual growth rates of respective year classes. If the 
growth is slow, it is not easy to fol low the progression 
of modes from month to month and if spawning is prolonged 
and continuous, the length fr equency distribution will not 
give proper indication of year cl asses . It l eads t o 
difficulties while tracing the growth accurately through 
different months. And this is exactly what has happened 
with regard to the growth study in most fishes from 
Indian waters (Qasim, 1973). 
In protracted spawners, due to peak spawning 
seasons as in I. ~, some clear modes are seen in the 
beginning few months and in others they overlap or merge 
into each other. Length frequency distribution of I. ~ 
did' nothelp for age and growth studies. Hence, the modes 
which were clearly observed in few months were put into 
groups of three modes. Such sets of modes were used to 
estimate Lro using the equation 5, which is a derivative 
of Von Bertalanffy 's growth equation . Thi s method was 
adopted for bo th the species. The estimated L~ 5 (31. 8 cm. 
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of :1.. sina and 76.5 cm. of Q. r ube r ) were closer to th e 
recorded maximum l engths in lit er ature (30.0 cm. of 
:1.. sina and 75.0 cm. of Q. ruber by Munro,195S ; oay, 1 981 
and FAD, 1984). ~ stimated values se8med to be slightly 
higher than the r ecorded one s. Lengths need not be the 
same since there are chances for fishes to grow beyond 
the recorded l e ngths. 
Average of modes of the sets 0ivining Lcocloser to 
maximum lengths recorded, were 7.75, 12.0 and 15.5 cm. and 
12.5,20 .5 and 27.5 cm. for:1.. sina and Q. ruber respectively . 
The longivities were estimated and those are 21 a nd 38 units 
of time. Each unit of time was fixed as quarterly. From 
the available data, it is clear that the life span of most 
of the tropical fishes is short and seldom exceeds 2 - 3 
years (Qasim, 1973). In big sized fishes, the life span 
is 7 to 10 years (Table 21 ). From a bove it is clear 
that the life span of small size sCiaenid , :1.. ~ is 5 yea rs 
and medium sized O. ruber is 10 yea r s wh ich are well 
agreeable. 
s"'cond 
From above , in :1.. ~, l e ngths at t he end of fir st 
years 
and thirdLwere 18.38, 25 .64 and 28 . 99 em. which ar t:! 
higher than t he l engths fixed by Nair (1974) as 13. 5 , 16 . 5 
and 18.5 em. for three years. He has al so observed t he 
number of ring s i n s ca l e s but neither explained the nature 
of those rings nor fixed the time of ring formation . 
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There are different opini ons r ega r di ng the causative 
f actor for the formation of ring s in the scale of fish. 
Rao (1966) pointe d out that low feeding in ca se of juveni l e s 
and spawning in adults of Pseudoscia ena d i acanthus, 11ere 
th e causative f a ct ors for ring formation. But he is of 
opinion t hat fast growth in juvenile s and after spawning 
may be responsible. Kutty (1961) s t at ed that low feeding 
and low temperature were probable causes in otolithoides 
brunneus . Jayprakash (1976) claimed that low temperature, 
high salinity and upwelling were se emed to be causative 
facto r s but ne has not cons i ce r ed it' s low feeding 
intensity during the month s of ring f ormation. Accordi ng 
to Seshappa and Bh i machar ( 1951, 1954 , and 1955) ring 
formation in Ma l aba r sole, Cynoglos sus semifasciatus i s 
as sociated with s tarvation and monsoon conditions. 
Seshappa (1958 and 1969) pointed out that the ring s in 
Rastrelliger kanagurta were formed bec aus~ of strain 
cause d by growth, ripening of gonad and spawning activity . 
In Johnieops vogl e ri (Muthiah 1982 ) r ings wer e formed due 
to low feeding i n tensity , spawning and monsoon. 
In~. sina, time for format i on of r i ng could not 
be fixed. This specie s is a prot ract ed spawner and poor l y 
fed almost in all months, hence these t wo fa ctor s will not 
be responsible for formatio n of r ings . In Q. ruber, t i me 
of ring formation co uld not be fi xed , since it is also a 
po orly f ed and t hough s pawni ng ~kes pl ace once in a year 
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more than one ring were observes in a year. So formatio n 
of ring could not be related with above f actors. According 
to Qasim (1973), if more than one g rowth mark are formed 
during th e course of one year, then the back-calculations 
are subjected to error. Besides the se pr ob lems, UD 
estimated from sca le analysis are 2 6 .9 i1nd 69 . 9 Cm. 
f or I . sina and Q. . rube r r e spec tiv<> ly w;1ich are less than 
the recorded ma ximum l ength by ~·Iork "' rs · Considen.ng Cl ll 
these points, t he length frequency ana lyses were cons i dered 
for furthe r studi es , since they arc found to be more 
reliable than scale studies. 
Regarding the otoli ths of both speCi es , no cl ea r 
zonations of dark and light bands were observed and hence 
not considered for t hi s study . 
For estimat ion of different lengths at various 
ages, the known values of modes "Her e inserted in equation 
5 and the length for the next time period was calculated 
by solving simult aneous equations . He r e th e asymptot i c 
l eng ths estimat ed for both the speCi es f rom the appropri ~ t e 
set of modes we re used i n a j ove equation . 
The present study has shown that maximum length 
attained by ~. ~ is 31 . 8 cm. and t hat by Q..ruber 
is 76.5 cm. Th eir life spans are 5 years and 10 years 
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respectively. These findings ore well agr eeable when 
compared with the available data (Table 21 ). Being 
tropical waters and short life spans, these species 
grow fast in early period of th eir lives and mature 
before they become one year old. This has been 
supported by the literature on sciaenids (Table 21 and 
Ross, 1984). 
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Figure 25 Length frequency di s tribution of ~ . ~. 
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Table 2 1 • Ag e and growth of some sc1aen1ds from Ind1an waters. • 
Sr. Spec1es Method Max1- Max1- Length at Place Author No. 
used mum mum ages 1n cm. 
age 1n length 
years 1n cm. 
~ 1 ~ ~2~ ~31 ~4l ~5l ~61 t71 ~81 
1 • John1us Length 3 25.0 11.5(1),19.5(2) Bombay Savant 
dussum1 er1 frequency (1963) 
2. N1bea co1ber Length 69.7 12.6(0)'25.1(1~ Chllka Rajan 
frequency 37.3~2~,49.2~3 lake (1964 ) 
60.5 4 , 68.1 5 
3. John1eoEs ll!la Length 3 21.5 13.5(1~,16.5( "' )' Cal1cut Na1r 
frequency 18.5(3 ( 1974) ..... CJ'> 
and s cale 
'" 
4 . John1eoEs Le ngth 3 29.0 1 5 .B~1~, 24 .0( 2 ) Bombay Muth1ah 
vogler! frequ ency 28 . 0 3 (1982 ) 
5 . John1us carutta Length 3 25 .9 10.5~1~,18. 5 ( 2 ) Ma dras Vivekana .. 
frequency 22.3 3 ndan(19B5 ) 
6. Pennah1a Length 2Y2 32.0 13.1~1),19.5(2) Manda- Mohan 
macroEhthalmus frequency 20.7 2Y2) pam ( 1977) 
Contd •••• 
( 1 ) (2) (3) (4) (5) (6) (7) (8) 
7. Otolithoides Scale 12 149.0 41.8~1~,60.2~2) Bombay Kutty 
biurites 74.1 3 83.0 4) (1961) 
1 08.0(5~ ,127.0 
(6),135.0(7), 
136.0(8),138.5 
(9), 142.0(10), 
148 .2(11),1 49 .0 
(12) 
Vertebra 4 Not 42.6(1),61.2(2) Bombay Jayprakash 
g iven ( 1973) 
Le ng th 4 Not 40.7~1~,60.0~2~, Bombay Jayprakash prequency g i ven 80.0 3 ,95.5 4 , (1977 ) 
..... 
Scale 4 
-"- 40.7~1~,57.8~2~, Bombay Jayprakash 0\ 0\ 75.6 3 ,91.3 4 (1977) 
8 . Protonibea Le ng th 7 117 . 5 42 . 6~ 1 ~,61.9~ 2 ~, Bombay Ve nkata-dicanthus fr equ e ncy 77.9 3 ,89.7 4 , subba Ra o 
98 . 3 5 ),104.7 ( 1 963 ) 
(6), 109.3(7), 
11 2 .7(8 ) 
Otolith 5 117. 5 44 . 0 ~'~'68.0( 2) ' Bombay Venk a ta-83.0 3 ,92.0(4), s u bba Rao 
97.0 5 ( 1966) 
Scale 8 117.5 42 . 0 ~1~'64 .0~ 2~' Bombay Venkata-80 . 4 3 ,90.4 4 , subba Rao 
98.0 5 , 1 04. 9 ( 1966) 
(6),1 :>9 .9(7), 
114.0( ) 
Contd •..•• 
( 1 ) (2) (3) (4) (5) (6) (7) (8) 
Length 7 127.0 44.0~1~,60.9~2~, Bombay Sreeni-
frequency 76.9 3 ~90.3 4 , vasa Rao 
100.1(5 ,105.7 ( 1968) 
(6),115.2(7) 
Scale 7 127.0 40.0~1~,64.2~2~, Bombay Sreeni-
80.5 3 ~90.3 4 , vasa Rao 
101.0(5 ,105.7 ( 1968) 
( 6) 
9. Nibea £ill!!. Length 4 75.0 26.0~1 ),41.0(2), Chilka Devadoss 
frequency 5 1.0 3 ),61.0(4) lake (M. S. ) 
.... 
0'> 
-..) 
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Table 22 • Set of modes used for estimation of Loo, in • 
1.. sina. 
Set of~des~ml Sr. ~et 2f mOdes[eml Loe Sr. Loc 
No. Ml M2 M3 em No. Ml em 
1 • 7.0 9.5 11 .5 19.5 20. 9. 0 13.5 16.5 22.5 
2. 7.0 11.5 13.0 13.7 21. 9.5 11.5 13.0 17. 5 
3. 7.0 11.5 13.5 15.1 22. 9. 5 14.5 17.5 22.0 
4. 7.0 11.5 14.0 17.1 23. 10.5 13.0 15.0 23. 0 
5. 7.0 11.5 14.5 20.4 24. 11.5 13.0 13.5 13.7 
6. 7.0 11 .5 15.0 27.2 25. 11 . 5 13.5 15.0 19. 5 
7. 7.5 10.0 12.0 20.0 26. 12 .0 13.5 14.0 14 .2 
8. 7.5 12.0 15.0 21.0 27. 12 .0 13 . 5 14.5 16 . 5 
9. 7.5 12.5 15.0 17.5 28. 13 .5 15 .0 15.5 15 . 7 
10.1 7 •5 12.5 16.5 32.51 29. 14.0 16.5 19.5 1.5 
11. 8.0 11.5 13.0 14.0 30. 14.5 16.5 17.0 17.0 
12.j8.0 11 .5 14.5 32.51 31. 14.5 16.5 17.5 12.5 
13. 8.0 12.0 14.5 18.6 32. 14.5 17.5 19.5 13.5 
14. 8.0 12.0 15.0 24.0 33. 15.0 16.5 17.0 17.25 
15. 8.0 13.0 16.5 24.7 34. 15 .0 16.5 17.5 19.5 
16. 9.0 11.5 13.0 15.3 35. 15 .0 17.5 18.5 19.2 
17. 9.0 11 .5 13.5 21.5 36. 15.0 17.5 20.5 2 . 5 
18. 9.0 13.0 15.0 17.0 37. 16.5 18.5 19.5 20. 5 
19. 9.0 13.0 17 .5 23.0 
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Table 23 • Set of modes used for estimation of Loo in • 
Q. ruber 
Loe Sr. Loe 
em No. em 
1 • 6.5 13.5 19.5 55.4 15. 10.5 18.5 28.5 21.5 
2. 6.5 14.5 21.5 70.5 16. 10.5 19.5 26.5 50.9 
3. 6.5 16.5 25.5 106.5 17. 10 .5 20.5 26.5 37.6 
4. 7.5 15.5 22.5 71.5 18. 10.5 20.5 28.5 60.5 
5. 7.5 17.5 26.5 107.5 19. 10 .5 20.5 29.5 110.5 
6. 8.5 12.5 15.5 24 .5 20 . 10.5 21.5 30.5 70.9 
7. 8.5 14.5 19.5 44.5 21 • 111 .5 19.5 26.5 75.51 
8. 8.5 15.5 21.5 39.5 22. 11 .5 20.5 28.5 92.5 
9. 8.5 16.5 22 .5 40.5 23. 12.5 19.5 25.5 61.4 
10. 9.5 18.5 26.5 90.5 24. 13.5 19.5 25.5 61.5 
11 • 9.5 19.5 26.5 42.3 25 . 13.5 20.5 26.5 62.5 
12. 9.5 19.5 28.5 109.5 26 . 13.5 21.5 26.5 34.5 
13.1 10 •5 18.5 25.5 74.51 27. 13.5 21.5 28.5 77.5 
14. 10.5 18.5 26.5 0.0 28. 14.5 22.5 29.5 78.5 
Table 24 
Species 
I· ~ 
Q. tubal: 
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\v8rage of modes based on selected set of 
mo de s and estimated values of various 
parameters. 
Average length in cm. Values of parameters 
--------------------- ------------------------
M1 M2 M3 La: K T M 
7.75 12.0 15.5 31 .8 0 .1942 21 0 .21 52 
12 .5 20.5 27.5 76.5 0.1335 38 0.1212 
Table 25 • • 
Age in year 
o 
1 
2 
3 
4 
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Lengths at various ages based on first 
three modes. 
Age in 
units of 
time 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Length at ages in cm. 
---------------------------
J. sina 
7.75 
12.0 
15.5 
18.38 
20.76 
22.71 
24.32 
25.64 
26.74 
27.64 
28.38 
28.99 
29.49 
29.90 
30.24 
30.52 
30.75 
30.94 
31.10 
31.22 
O. ruber 
20.5 
27.5 
33.63 
38.98 
43.67 
47.78 
51 .37. 
54.51 
57.26 
59.66 
61.77 
63.61 
65.22 
66.63 
67.86 
68.94 
69.89 
70.71 
71.44 
(In both species, first three lengths for first three units 
of time were taken from length-frequency analysis and next 
lengths for further units of time were estimated from 
earlier first three ,lengths). 
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Table 26 : Observation of rings in scale of :I.. sina. 
Leng- No.of RIngs observed In Hshes 
th fish 0 1 2 3 4 6 
(cm. ) obse-
rved 
7.0 5 4 1 
7.5 7 5 2 
8.0 9 4 5 
8.5 10 7 3 
9.0 6 3 3 
9.5 5 2 3 
10.0 8 2 6 
. 10.5 4 2 2 
11.0 12 5 7 
11.5 7 1 6 
12.0 11 1 10 
12.5 20 7 11 2 
13.0 27 8 6 13 
13.5 23 7 0 16 
14.0 19 5 0 14 
14.5 26 2 0 24 
15.0 33 3 0 26 4 
15.5 30 2 0 28 0 
16.0 37 1 0 28 8 
16.5 32 1 0 26 5 
17.0 31 0 0 6 25 
17.5 45 0 0 0 42 3 
18.0 23 0 0 0 23 0 
18.5 15 0 0 0 8 7 
19.0 16 0 0 0 12 4 
19.5 10 0 0 0 4 6 
20.0 0 0 0 0 0 0 
20.5 9 0 0 0 0 9 
21.5 1 0 0 0 0 0 1 
23.5 1 0 0 0 0 0 0 1 
482 72 65 183 131 29 1 1 
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Table 27 • Observation of rings in seale of O. ruber • 
Leng- No.of Rings obse rved in fishes 
th fish --------------------------------------------
(em. ) obse- 0 1 2 3 4 5 
rv.ed 
12.5 16 16 
13.5 18 18 
14.5 21 17 4 
15.5 62 37 25 
16.5 78 31 47 
17.5 70 26 44 
18.5 59 21 38 
19.5 48 6 42 
20.5 53 7 46 
21.5 43 2 41 
22.5 19 0 19 
23.5 9 0 9 
24.5 3 0 2 1 
25.5 8 0 1 7 
26.5 13 0 0 13 
27.5 11 0 0 11 
28.5 10 0 0 10 
29.5 6 0 0 6 
30.5 8 0 0 8 
31.5 2 0 0 2 
32.5 0 0 0 0 
34.5 2 0 0 0 2 
36.5 1 0 0 0 1 
39.5 1 0 0 0 
43.5 1 0 0 0 0 1 
44.5 1 0 0 0 0 1 
51.5 1 0 0 0 0 0 1 
530 147 318 58 ·4 2 1 
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Table 28 • Mean back-calculated lengths (T.L. in cm.) • 
of J... ~ from scales. 
Age No. Mean Mean back-calculated length at 
? of length successive rings 1n cm. 
fish at 
exa- capture -----------------------------------------
min- cm. I II III r.I V VI 
ed 
1 60 8.9 7.33 
2 183 10.8 9.33 13.87 
3 131 10.7 9.8 13.86 16.83 
4 29 20.8 8.0 14.20 17.59 19.43 
0 1 Samples 9.0 13.02 16.90 19.34 20.92 
not 
6 1 suffi- 9.2 14.36 16.78 19.49 21.90 22.88 
cient 
Total410 Weig- 9.09 13.89 16.97 19.42 21.41 22.88 
ted 
mean 
Growth increment 9.09 4.8 3.08 2.45 1.99 1.47 
? = Age may be yearly, six monthly, quarterly or monthly. 
I 
175 
Table 29 : Mean back-calculated lengths (T.L. in cm.) 
Age No.of 
? fish 
exa-
mined 
1 318 
2 58 
3 4 
4 2 
5 1 
Total381 
of Q. ruber from scales. 
Mean Mean back-c alculated length at 
length successive rings in cm. 
at 
--------------------------------------
capture I II III DI V 
cm. 
19.1 18.91 
27.9 18.83 24.48 
Samples 19.09 28.06 36 .81 
not 
suffici- 17.86 28.86 34.99 42.15 
ent 
20.22 28.12 37.63 43.67 47. 82 
Weighted 18.90 28.46 
mean 
36 .40 42. 66 47. 82 
Growth increment 18.90 9.56 7.94 6.28 5.16 
? = Age may be yearly, six monthly, quarterly or monthly. 
Table 30 
Range of 
fish 
length 
cm. 
7.0-12.0 
7.0-13.0 
12.5-17 .0 
15.0-19 .0 
18.0 
Onwa rds 
Q. ruber 
-18.5 
14.5-25 .5 
24 . 5- 31-5 
30.0 
Onwards 
Not su-
fficient 
samples 
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Number of growth ch ecks and corrosponding 
l enghts - 1) observed 2) back-calcula t ed 
3 ) l ength-frequenc y analysis . 
Assi- iIIo.of Mean Ba ck- Length 
gne d growth l ength calcu- fr om 
age s rings at l ed l ength 
? capture lengt h frequency 
cm . Cm cm. 
0 0 8 . 9 7.75 
1 1 10. 8 9 . 09 12 . 0 
2 2 15 . 65 13.89 15 . 5 
3 3 20 .86 16 . 97 Overla-
pping of 
4 4 ~Jot su- 19 . 42 modes 
ffici ont 
5 5 samples 21. 41 
6 6 22 . 88 
0 0 9 .0 12. 5 
1 1 19.02 18.9 20.5 
2 2 27 . 9 28 . 46 27 . 5 
3 3 Not su- 36 . 40 Over la-
fficient pping of 
4 4 sampl es 42 . 66 modes 
5 5 47 .82 
? = Age may be year, six months, quarter of a year or 
month. 
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CHAPI'ER -IV POPULATION DYNANICS AND ~;ANAGEMENT 
Fishery is an activity concerned vlith fish. Fi sh stocks 
are affected by fishery independent and fi~hery dependent 
factors . Fishery independent f actors such as salinity, 
temperature etc. are not easily controllable. However, 'Ihen 
these vary withi n the allowable ma r gins , the stocks are no t 
affected by them. When fishery is in s t abl e or a n equali-
brium condition, stocks are affected by fishery dependent 
factors , such as method of exploitation , intensity of effort , 
mesh size . These fac tors are control l abl e . Hence under 
normal condi tions, s tocks can be exploited in such a way as to 
yield at MSY levels. Information regarding fish s tocks and 
the effect of fishing on them help in taking managerial 
decisions. Factors such as fishing mortality (F) and size 
at first capture (Lc) are needed for t his purpose . 
In the present study, Beverton and Holt ' s yield per 
recruit model (Y/R) is used and effect of various changes 
in length at first caputure (Lc) and explOitation rate 
(E=F/Z) have been studied . Length a t fi r st capture (L c) is 
the length of f ish at wh ich 50% fi shes escape through the gear. 
Exploitation rate (E=F/Z) is a derived measure calculated 
from instantaneous fis hing mortality (F) and instantaneous 
total mortality (Z) . Beverton and Holt 's model gives yield 
but per recruit basis. So it is called yield per recrui t . 
Materials and methods are given below. 
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Mat erial and Hethods : 
Fishing area I From Ganapatipul e . north of Ra tnagiri 
(17°13'30" N, 73° 14 ' 50" E) to Pawas s outh of Ratnagiri 
(16°53'10" N, 73° 15' 25" E) and fr om shore to westl-lard up to 
50 m depth was the fishing area (Fig . 1 ). 
craft : The wooden trawlers 12 to 16 m in length operated 
off Ratnagiri were considered f o r sampling . 
Gear : The above t rawlers wer e using t he follo~1ing 
trawl net. 
1) TWo seam trawl net . 
2) TWine used - garfil 
3) Thickness of twine - 1. 25 mm . 
4) Length of head rope - 20 m. 
5) Leng th of f oot rope - 22 m. 
6) Floats: 12 to 14 in numbers , di ~meter - 15 cm. 
meta l aluminium . 
7) Iron chain for foot rope - 10 rom , 80 kg. 
8) Otter boa rd ( a pair) - 60 kg . each. 
9) Codend mesh size - 12 to 15 rom . 
Selection of a day for observation : Landings a t 
Mirkarwada Fisheries harbour were observed on a lternate days 
in each month for two years during september to May. One day 
out of t wo first f ishing days in a week "as selected r andomly 
and then followed a lternate days. 
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Time of observation : Regular landings at fisheries 
harbour take place in between 4.00 p . m. and 8.00 p.m. during 
which period landings were observed. 
Selection of units : Number of trawlers to be expected 
to land was ascertained by making local enquiries on the day 
of observation. For selection of units systematic random 
sampling procedure was followed (Al ag raja. 1984). 
If units were 15 or less , then all units ~Iere observed . 
Regularly more than 50 trawlers used to land their catches . 
In s uch circumstances the selection of uni ts was done as 
follows. The number of units expec ted to l a nd were divided 
by ten and groups of units were formed. The number of units 
may not be exactly in multiple of t ens. In such cases , the 
last of the exact multiples of ten i n the number of expected 
units was taken. For exampl e , if 67 is the numb er of 
expected units, then the last exact multiple of t en in the 
number is 60 and the sampling interval for selection of 
units is 60/10 = 6. From the first s ix units , one uni t was 
selected randomly and the rest systematically keeping the 
interval of 6. Suppose 4th uni t \·Jas selected randomly , then 
the systematically selected ones ~lere 4th, 10th, 16th a nC: so 
on till the 67th. By this ~Jay the units sE'l ected were in 
b etween 10 and 12 . 
Obs ervation of Units : The fishe r men used t o sort out 
the mul tispecies catch into gr oupwL:e fis hes (like ribbon 
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fish, catfish, elGsmobranchs , sciaenids} and 
separate baskets on bourd . The ca tches I,ere 
baskets each of Ivhich contained approximately 25 - 26 kg . 
of fish . Number of baskets varied from one unit to other 
a nd from one day to other. For each sel ected uni t, numbpr of 
baskets I-Iere counted for different groups of fishes and 
converted into t o tal weights for each group of fish. Thus 
groupwise fish landings in kg. were noted for each unit. 
Such observations were made for 10-12 nun~er of selected 
uni ts. Those viere used in estima ting the total landings f or 
groupwise, unitwise and groupvJise for al l units landed. Total 
number of units which landed the catch on that day was noted 
as effort. 
The fish caught by the trawlers off Ratnagiri upto 50 m 
depth were landed a t Mirkarwada fisheries harbour from vlhere 
samples were collected on the same day of observation of 
units for study purposes. For this out of observed units two 
units were selected randomly. From each selected unit one 
basket containing sciaenids was s el ected randomly. The 
selected basket was shaken for well mixing of the sciaenid 
species and one to t wo kg. of fish sample was t aken from the 
basket. While sampling a t most care was taken to make the 
sample more representative of the day 's ca t c h . This vias 
followed for the second unit. TWo samples were stor ed to-
gether in deep fr eezer overnight. 
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Raising the observed l ancings f or a day : The group-
wise landings for each unit were recorded. Those groupwise 
landings were added together and groupwise total of observed 
units raised for that day as fol lovis . 
Total landings 
of a fish 
group for a 
day of obser-
va tion. (kg . ) 
= 
Total 
landings 
of a fish X 
group 
observed 
(kg. ) 
Total number of units 
landed t he catch on that day 
Number of units observed 
on that day. 
Raising the ca tch for a month : The above e s timated 
groupwise landings were pooled for a month and r aised for that 
month as follol-ls . 
Total landings 
of a group of 
fish for a 
month (kg . ) 
= 
Sum of daily 
estimated X 
landings of 
a group of 
fish for a 
month (kg.) 
Number of fishing days 
in the month 
Number of fishing days 
observed in the month 
Raising samples to total catch in number by length 
groups : The sample stored in deep fr eezer was thawed , washed 
a nd water drained out completely. This sample \~as weig hed 
and ~. ~ and Q. ruber sorted out and weighed . Numbers of 
~ . sina and Q. ruber were counted . Their lengths (T.L . ) were 
measured in cm . The following steps l'lere follo\~ed for raising 
the number by l ength groups for a month. 
Total wt . of 
J. sina 
Iandedon 
the day of 
observation 
(kg .) 
= 
Total wt . of 
J. sina in 
thesample 
(kg) X 
Total estimated l andings 
of sciaenid for that day 
(kq ) . 
Total vlt. of the sCiaenid 
sample (kg) taken on 
tha t day . 
Total number 
of J. sina 
lanaed"'Oil 
the day of 
observation 
(kg) 
Total number 
of J. sina 
of a partI-
cular length 
group landed 
on the day 
of observation 
= 
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Total 
number of 
J. sina 
In 'the'"" 
sample 
Number of 
J. sina 
of aparti-
eular 
length in 
the sample 
x 
x 
Total estimated wt. of 
J . sina landed on that 
day (kg) 
Wt . of J. sina in the 
sample \kgr-tii"ken on 
that day. 
Total estimated 
nurober of J. sina 
landed on tha~y 
Total number of J. sina 
in the sample taken----
o n that day . 
Thus the length- frequencies o f both the species were 
raised to the total by the above methoc s . The length-fre-
quencies (estimated) were pool ed for a month and raised for 
the month as follows-
Total Number 
of J. sina 
of a partI-
cular length 
group landed 
during a 
month 
= 
Total esti-
mated number 
of J. sina 
in a partI- x 
cular length 
group during 
the observat-
ion days in 
the month 
Number of fishing 
days in the month 
Number of fishing 
days observed in 
the month. 
Thus length-frequencies of both species were rai sed for 
a month for all l ength groups . 
catch- effort data : 
Method of collecting catch data f or a day and raising 
for the month are given in the earlier paragraphs. Regarding 
effort, While collecting the catch da ta, number of boats to 
be landed on that day was ascertained . Effort was rais ed for 
a month by following way . 
Total 
effort 
for a 
month 
Total number 
of fishing 
days in that 
month 
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x 
Number of units operated 
on the days of 
observations in that month 
Total number of days 
observed in that month. 
Growth parameters: Estimates of Leo, Weo and K have been 
obtained in the chapter, Age and Growth . (Table 24). 
Length at first capture : The first prominent mode observed 
of the length frequency \-Ias taken as the l ength at first 
capture (Lc) in this thesis. 
Length at recruitment I When there \'/as a mode prior to the 
mode of length at first capture, then i t was taken as the 
length at r ecruitmen t . 
Length at first maturityl This aspect has b een studied in the 
chapter, Reproductive Biology (Fig. 14 ) ' . 
Longevity: This aspect has been delt with in the chapter 
Age and Growth (Table 24 ). 
Natural mortality: Natural mortality vias estimated by 
applying the method of Sekhar an ( 1975). The 
concept is that if fish is allowed t o live throughout it's 
life and exposed to natural mor tality then a t the end, 
99% of a cohort dies. NT = e- MT = 0. 0 1 
No 
. 
• • M% 1 
Where, M " = 1 
I 
=--
Ln (0.01) 
T 
na tural mortality cor.osponding to 1% survi va l 
T = longevity of fish. 
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Total mortality: Using length frequency data (Table 35 to 39) 
and following the method of Alagaraja (1984) estimates of 'Z' 
for two years for two species have b een obtained. Tha t 
portion of the length frequency distribution which resembled 
the right limb of catch curve alone was considered for 
estimation of 'Z'. 
Relative yield per recruit: The values obtained from above 
were used and Beverton and Holt's relative yield per recruit 
values have been obtained using the Lotus software available 
at C.M.F.R.I. Different values were obtained for various 
levels of E and Lc. 
Fishing mortality : It was obtained by substracting natural 
mortality from total mortality (F=Z-M) . 
Results I 
The estimates on Lao and K have already been obtained 
in the previous chapter. The asymptotic weights expected to 
be attained by ~. sina and Q. rube r were es tima ted as 487 gm . 
and 4687 gm. respectively using t he formul a \'100 = a X Lboo • 
The s izes at f i r s t capture (Lc) of ~. sina and Q. ruber were 
14 .0 and 17.5 em. The sizes a t fir s t capture for ~. sina 
during 1986-87 and 1987-88 were 12. 5 unc 14 . 0 cm. Thes e values 
were obta ined from the length frequency table as follows-
First three point moving averages have been taken from 
the frequenCies for t hose two years to smoothen the d i stri bution. 
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In the smoothened distribution the s egment that could be 
taken for estimating Z using the method of Alagaraja (1984), 
from 12.5 to 22.5 cm. covers the s i ze ranges from 12.5 to 
21.0 em. during 1986-87 and from 15.0 to 22.5 em. in 1987-88. 
This segment was taken for estima ting total mortality rate 
(Z) since, it satisfied their requirements of the right 
segment of catch curve. Hence for the present study 14.0 em 
was taken as Lc, the size at first capture. Similarly in the 
case of Q. ruber, the segments of selection for estimating Z 
started from 16.5 . and 18.5 em. in the year 1986-87 and 
1987-88 respectively were taken and Lc \·Ias determined as 
17.5 em. 
The size at recr ui tment was taken as size at 
which the mode appeared prior to Lc. The case of ~. ~. 
respective sizes at Lr were 7.5 and 9 . 0 em. during the two 
years respectively and in the ca se of Q. ruber they were 
11.5 em in both the years. Hence Lr for ~. ~ \'/as taken as 
8.0 cm and for Q. ruber 11.5 cm. The Table ( 31) gives 
the estimates of all parameters required for arriving at 
yield per recruit for these species. The table also contains 
the estimates of exploitation ratio (E) and the values of 'F' 
and other related values such a ~ Lc/Loo, Lr/Lc, etc. 
Fishing mortality rates (2) \~ere es tima ted for two years 
for each species by using Alagaraja' s method (1984). Length-
wis e individual values which were beyond 95% confidence limit 
were omitted from estimation fo Z values. Includi ng all the 
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v al ues, estima t ed 2 values for two years t ogether were 2 . 018(1 
! 2(0.3836) and 3. 407 3 ! 2(0. 4549) f or ~ . ~ and Q. ruber 
respectively. Excluding the values which were beyond 95~ 
confidence limit, average values were es timated as 1.7432 and 
3.5752 for ~. ~ and Q. ruber respectively . These values 
. 
were within the Z ! 2 (SD) values es timated by considering a l l 
the values. Therefore, the average 2 val ues, 1.7432 and 
3.5752 for ~. ~ and Q. ruber were taken s afely for 
further analysis. 
Yield per recruit analysis I Yield , ef~rt curves 
indicated in the ~gures (30-45) for these two species gave 
the r elative yield pe r recruit values only. In order to 
arrive at the actual yield per recruit values, their relative 
yield per recruit values have to be multi plied by Woo X e-M(tc- tr) . 
The raising factor for ~. ~ and Q. ruber have been estimated 
as 353 and 4284 respectively as given i n the Table ( 31 ). 
~. ~ : The relative yield per recruit curve and 
relative biomass per recruit curve at the present rate of 
exploitation with Lc/Loo = 0.44 and M/K = 1.10, have been 
obtained using the Lotus software avail able at C. M.F.R.I. 
(Fig. 30-38). The exploitation r a t e (E = F/Z) was estimated 
0.88 which is very high indica ting very high fishing intensi ty . 
From the above Table (31 ), the estimates of M = 0. 22 
and F = 1.53. From thes e two values it i s clear that F is 
more than seven times of M. This fact has been clearly 
brought out in t he Figure (34} wher e t he present level of 
exploitation fall s t o the right side of the level for exploit-
ing maxi mum yield. The level a t Whi ch the maxi mum Y/ R could 
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be obtained is indicated in the TabJe ( 42 ) a s E max . 
In this case E max is 0.62 .lhich is far below the present 
level of exploitation (0.88). In order to obtain maximum 
sustainable yield (~~Y) at the present level of size at 
first capture (Lc), the level of exploitation should be less 
than present level of exploitation. In othe r words, the 
ins tanteneous fishing mortality r ate should be brought down 
to 0.36. This value may be denoted as F max t ~ ~ ~ :~]­
In order to obtain MSY, it is clear tha t a reduction of 
76" in the effort is needed~1.5L~30.36 x 100J The rel utive 
yield per recruit a t E max is ( .0725 . Hence Y/R a t E max is 
25.6 gms (0.0725 X 353). 
In order to find out whether change in mesh size in 
other words change in values of Lc will lead to higher ~~Y , 
the estimates of relative yjR for different Lc/LOY were 
obtained and given in Figures and Tables. For the lower 
values of Lc the relative YjR values at respective E max 
were less than the present relative Y/R at the corrosponding 
E max of 0.617. (Fig 30-3S Table 42, 44 ). It is 
clear from the observations that it is not worth reducing the 
mesh size • 
. The higher values of Lc indica ted higher yields per. 
recruits (Fig. 30 - 38 Table 42, 44 ). This clearly 
suggests that mesh size can be increased to higher levels in 
order to reap higher MSY. 
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The size at first maturity for ~. ~ has been 
estimated just below 12 em. in the earlier chapter. The 
Lc , the size at first capture for this species has been 
taken as 14.0 cm. which is above the size at first maturity. 
Hence existing mesh size does not appear to be harmful to the 
fishery. However reduction in the intensity of fishing in 
other words the number of fishing units may be reduced by 76% 
as indicated above to maximise the yield. 
Similar results are available when the estimates on 
relative biomass per recruit (B'/R) considered (Fig . 30 to 38 
and 39 to 45 ). In that B'/R value s at E max does not vary 
much. 
Q. ruber : 
The present exploitation rate 'E' has been estimated 
at 0.97. It appears to be extremely high indicating the 
effort pressure put on this stock of '· ~.ruber off Ratnagiri 
i s highly intensive. The Y'/R obtained using the Beverton 
Holt model (1956 ) "lith the aid of computer Lotus software 
available at C.M.F.R.I. presented in Tables 43 and 
Figures 39 - 45 for different values o f Lcs as in the case of 
~.~. These include Tabl es and Figures for different 
values of Lcs. For the present level of exploitation E max 
was found to be equal to 0.50 which 1s for below than .the 
present level of E (0.97). This clearly indicates a reduction 
of effort by about 96 % is required to obtain MSY. The instant-
aneous fishing mortality rate F (3 . 4540) is about 28 times of 
instantaneous natural mortality rate (0 .1212). This reflects 
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the level of intensity of fishing e ffort on the stock of 
Q. ruber at different levels of Lc. At the present level 
of exploitation, E = 0.97 the Y/R is 54.2 gms against the 
311 gm for at E max 0.50, In order to find out whether 
changes in mesh size in other words changes in si=e at 
first capture have any effect on MSY, estimates on Y'/R have 
been obtained (Table 43, 44 Fig. 39 to 45) • 
In this case also for lesser values of Lc, the MSY 
values were less than that for present Lc value indicating 
reduction in mesh size leads to reduction in the Y/R 
(<<'able 43). 
When values of Lcs are increas ed the corrosponding 
Y'/R values also incr eased . Hence increase in mesh size 
is favourable in this case. The size a t first ma turity of 
this fish was estimated at about 20.0 em. whereas the size 
at first capture was found to be 17.5 em. which is less than 
the size at first maturity . Hence in the case of Q. ruber 
mesh size has to be increased not only to reap higher Y /R 
but also to allow the stock to spawn once atleas t before 
being captured. 
Discussion. 
It may be noted that in the cas e of ~. ~, 
the size at first capture is higher than the size at fir s t 
maturity. This indicates pr esent me sh s i ze does not appear 
to be harmful to t his f ishery. HOI'lever, increase in mesh size 
leads to increase in Y/R as mcn ~ionrd earlinr . I 0 b ~ n _. ru cr, 
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the size at first capture is less than the size at first 
maturity. Hence, it is imperative that mesh size has to be 
increased so that size at first maturity is always l ess than 
or at least equals size at first capt ure. 
Figure 30 t o 45 and Table 42 t044 show tha t the present 
levels of effort are high indicating tha t the two species are 
under high exploitation rate. For obt aining maximum Y/R for 
present mesh size, the effort are t o be reduced by 76% and 
by 96 % for il.. ~ and Q. ruber r espectively. As compared 
to that of il.. ~, higher reduction in units of fishi ng 
effort is therefore required in the case of Q. ruber 'for 
obtaining maximum Y!R. 
Though Y!R attains maximum when Lc/Lc:o is 0.75 for both 
species, the corrosponding exploitation ratios were almost 
nearer to 1.0 which is unrealistic (Table 44). By 
reducing the effort and by increasing mesh size, there is 
ample scope to increase yield for this fishery. l.ncrease in 
mesh size to 30mm will go a long way to yield more l andings 
in future and also their stocks will not be affected by fishing . 
Having this in view, it is s ugges ted for the incr ease of 
codend mesh size and if possible in reduction in number of 
units exploiting the fishery . In t e rms of Socio-economics , 
though reduction i n number of units may not be acceptable , 
it is worth trying to impose mesh size regulation so t hat the 
cod end me sh size is considerably increased. 
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Shrimp trawlers are mainly used for catching prawns i n 
Ratnagiri waters. During trawling demer sal fishes are eloo 
caught along with pr avms . There i s no different gear presrmtly 
used for catching demersal fishes . IIli such present tral"l l 
fishery has not only affected sciaenid stock but also other 
fish s tocks. In order to arrive at a suitable cod end mesh 
size to exploit all these groups a seper ate study is r equired . 
From the above studi es , it is clear t ha t sciaenids were 
found not to be the only target species for trawl fishery . 
Hence , while deciding the suitable level of effort and cod end 
mesh size for the trawls for any grour e xplo i ted by them, 
consideration for a t least the major groups exploited by the 
trawls, is to be given. Thus while deciding t he suitable 
level of effort (F) and codend mesh size (Lc), these points 
are to be born in mind. lis mentioned earlier, reduction 
in effort though may not be advisable in socio-economic 
point of view, cod end mesh size may effectively be r egul ated 
so tha t ultimate beneficiary would be fishermen themselves . 
Hence increase in the codend mesh size at l east to 30mm 
is worth attempting. 
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195 
-- ---------- ... - .~--- -_. -_._- -------- --- . -
_._- - . .-- ---_ .... _- .. _------
E Y'/n s · IR r '(' I R O ' /R 
0.1115 .11104 61115 .72 11114 7 (£l . 55 .11171119461 . 2 6 9 111111 2 
0.1111 .020 23'"12 . 844137 111.60 . 0 7 16865 • ~ 211J74 
13. t5 • 0 2'12i j'rY7 . 769406 0.65 .0713311 . 177996 
0.213 .1113761111111 .69699111 !I. 7111 .0698785 .1 3 0786 
0.25 . 111451021 .6271114111 0 .7)3 .0b73521J . 10404 1 
0. 3 0 . 0 517626 .559719 0.80 . 0638.103 .0T!.928 
1? . 35 . 0575384 . 495199 0. f:i~'j • '_'~9362B .11140547 
0 . 4111 . 111623861 .433667 11\.9111 .0541881 . 11127902 
111.45 .0662630 .375317 {'J. 95 . m'l85553 .1')1\843 
0 . 50 . 069 1286 . 320357 1.00 . 0428429 . 00000111 
-------------------_._-------------- -_.-------- ._---- -------------------------
IlL. YIEL~ PER RECRUIT REt . BIOMASS PER RECRUIT 
'1 
1.0 ~\ .M .! 
.Ilil .I \ \ , .1ISII1 .1 \ 
.1Il! .1 \ 
msl .1 \ 
.m .~ 
.~ .3 \ 
.0141 .2 >~~ .1m2 j • j 1 .3 .~ .5 .I .l .I .' 1.1 J .2 .3 4 .S 1.7 .1 .\ 1.1 
Exploitation ute Exploitation rate 
O,ti •• : 
Eoa. : 8.689 LelLoo , 8.43 
[-.1 : 8.563 "/K , 1.18 
[- .5 : 8.383 
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per recruit values for J. sina for Lc/Loo = 0 . 43 . 
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Figure 36: Rel a tive yield per recruit a nd relative biomass 
per recruit val lies for :i!. . sina f o r Lc/Loo = 0 . 46 
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Figure 37 I Relative yield per recruit and relative biomass 
per recruit values for ~. ~ for Lp/Loo c 0.47. 
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Figure 38: Relative yield per recruit and relative biomass 
per recruit values for ~. ~ for Lc/Loo = 0 . 48-
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Figure 39 , Relative yield per recruit and relative biomass 
per recruit values for Q. ruber for Lc/Loo = 0.20. 
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Figure 41 : Relative yield per recruit and relative biomass 
per recruit values for 2. ruber Lc/Loo = 0.22. 
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Figure 42 I Relative yield per recruit and relative biomass 
per recruit for Q. ruber for Lc/Loo = 0.23. 
205 
- - - -------- ----- --- --------------------._- _._-- - -------------- ------- ---- --
E Y 'm D ' /R [ Y' / R B ' /R 
0 . 05 . 013220'1 . 9 1238b 0 . 5 5 .0723411 . 214980 
0.10 .0253105 . B27385 l'I . b0 . 069M 07 • 168630 
0. J :5 • 0::'62"" ,~ .745178 ~.h:3 .~b~285 1 . 12 7683 
0. 20 .0458379 . 665960 0. 70 . 0 5 9 3 61 1 .092 404 
0. 25 .0541409 . 589944 '1 . 75 . 0520381 .063003 
0 . 30 .0610449 .517357 0.80 .043 61H3 . 039592 
0. 35 .066481 2 . ~4B4'l4 0.85 . 0 3 11.,950 . 022110 
0.40 .0703836 . 38 3466 0.'10 .02537 1.2 .0102 9 
0 . 45 .0726918 .322700 0.QS . 0171 167 .0032 72 
0 . 50 . 0733554 . 2 6643 8 1.00 . 0107699 . ~00000 
- --------------- - -- . ---- - ----- - ---.---- ._._ ... . --. ".----_._._-----_. _-------- - -_._------
BEL . VIELD PER RECIUIT REL . BIOMASS PER RECRUIT 
.~ I.' 
IMI j 1\ [Q1 •• llil .1 .1It \ .\ 
.BI .5 \ Il1!4 .4 .0221 \ .1 
.OJO 
, 
1 ~., .Wll J 
.!«lI J 1 .1 .• , I 1 I .! II I 2 I • 5 I 1 I .3 II 
Ex,loitatlon rat. Exploitation rate 
Opt ill : 
Iau: 8.495 Le/Loo : 8.24 
E-.l : 8.478 1111 : 8.91 
I- .5 : 8.312 
Figure 43 , Relative yield p er recruit a nd relative biomass 
per r ecruit v a lues for Q. ruber fo r Lc/Loo = 0. 24 . 
206 
------------------¥ - ._---- ._------_. __ ._-
-
. . 
. _-------
E y ' /R 8 ' /R E Y ' /H 8 '/H 
0.0:3 .01 32:': 1 _9 1 292~ C) . 55 .'-'732456 . 217777 
111. 1111 .111253292 . B2841118 0./"JI2) .070 7035 .1 71289 
111.15 . 0362570 . 7 466::8 0.65 .l1Ip6511151 . 1 1111 4 
111.2111 .04594 18 .66781114 111. 7 111 • \~61117294 . 094581 
111 . 25 . 0543 1::0 . 592 115 0. 75 . 11153535111 . I2IM848 
0 . 3 0 . 1116 1. 312120 .519795 0.8121 .1'1451924 .1114112157 
0. 35 .111668398 .45112188 0.8'3 . 1036 1285 .. 0 23169 
0.40 .071218595 . 386251 0 . 9121 .0269742 .01 121891 
121.45 .0732992 .325559 QI .9S .111185962 .00,557 
0.50 .121741068 . 26931212 1.00 . 0120272 .12100000 
---------- -----_ .. -.-.-._-----------------_._--- .. _--_ .. _--- .. _--._----._-_._----- --
IEL. YI ELD PER RECRUIT REL. BIOMASS PER RECRUIT 
. 117~ 1.1 
.IW .! \ .!.Ill \ .1 
\ • !l;ll .1 \ \ 1M \ .1 
om .1 \ 
• 
.121 \ •• 
\ 
. IIIZ .1 \ . .~4 1 ">~ .11!10 J •  j 1 I .• ~ I 1 I , 11 I 1 I .• I I .1 I .! 1.1 
Exploi tation rate Exploitat ion rate 
OpU.a : 
t. .. : 8.499 LelLoo = 8.ZS 
E-.1 8.467 1111 = 1.91 
[- .5 : 8.3H 
Figure 44 I Relative yield per recruit and r elative biomass 
per recruit values tor O. ruber Lc/Lc.o = 0.25. 
207 
_ _ _ _ _ ____ _ ____ _ _ __ • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 0 ___ _ __ __ _ _____ _ 
_. -.. -- ._-----
------ - - --------
E Y' / R B ' /R E Y ' /R B ' /R 
0 . 0 5 _0 1 322~ 4 .9134 6 0 0. 5 5 .0741565 .2206 10 
0.10 • 0 2 5 ""'t 4 t.4 . B2943 7 0. h0 .0717763 . 173986 
111 .1 5 .111363 1<187 .74811117 0 . 65 .111677398 . 1326 25 
0. 20 . 04604 15 . 669659 111 .70 .0621184 . 0967 99 
0.25 . 054482 8 . 59431111 111.75 .055 0596 .11166732 
121. 3 0 .1116 15572 .522253 0 . 8111 .11146821113 • 04 2 56'!1 
0.35 .111671972 . 453755 0.85 .1113 781119111 . 1112 426111 
111 .4111 .111713351 . 38911163 0.9111 .111286357 .011 569 
111.45 .11173908111 . 328448 0. 95 .111201458 .11103855 
111.5111 .111748616 .272 19 8 1. 00 . 01 3 b4b . 000000 
---------------- --- - - --------------------- - - - --- ------ - ------ - --- - ------ ---
REL . VIELD PER RECRUIT REL . BIOMASS PER RECRUIT 
.a1ol1 1.1 
. l\1~ \ , ~\ .lIill I .l\1 \ .1 \ Me J \ .m I .OQ .~ .m."; J 
.000J .2 
.W?! .I '~ 
.ID J 1 J .~ .1 .• .1 I .I 1.1 Jl . ~ ,. 1 I .I 1I 
Exploitation rate Exploitation rate 
Opli .. : 
£au : 8.584 Lc/Loo : 8.26 
£- .1 : 8.461 IVK : d.91 
£-.5 : 8.316 
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Table 31 : Estimates of parameters and other values 
required for Y'/R analysis. 
Parameters/ 
Values 
Loo (cm) 
Woo (g) 
K 
M 
M/K 
T (Time Units) 
Z 
F 
Lc (cm) 
E = F/Z 
tc - tn 
LC/Loo 
Lr/Loo 
Woo eM( tc-tn) 
(Raising factor 
for relative Y/R) 
Y/R in gms. 
Lr (em) 
1. slna Q.ruber 
31.8 
487.017 
0.1942 
0.2152 
1.1025 
21 
1.7432 
1.5280 
14.0 
0.8765 
1.4951 
0.4402 
0.2516 
353 
8.0 
76.5 
4678.241 
0.1335 
0.1212 
0.9079 
38 
3.5752 
3.4540 
17.5 
0.9661 
0.7259 
0.2288 
0.1503 
4284 
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Table 32 : Lengt h-wise estimated landings of I. l1U! in 
numbers with three point moving avera0es for 
1986-87 . 
Sr. Length Number of Moving 
No. (Nid v a lue in em) fishes averages 
1 • 5.0 3118 
2. 5 . 5 182 7986 
3. 6.0 20660 11128 
4. 6.5 12542 22162 
5 . 7.0 33284 38366 
6. 7.5 69274 88542 
7. 8.0 163070 122488 
8. 8.5 13~122 153286 
9. 9.0 161666 186932 
10. 9.5 264010 223010 
1 1 • 10.0 243356 295167 
12 . 10.5 378136 334705 
13 . 11.0 382625 416945 
14. 11 .5 490076 461595 
15. 12.0 512086 531628 
16. 12.5 592722 578869 
17. 13. 0 631799 575666 
18. 13. 5 502278 505294 
19 . 14.0 381607 425346 
20. 14. 5 3 91955 362055 
Contd • • • 
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Sr. Length Number of Moving 
No. (Mi d va lue i n cm) fishes averages 
2 1 • 15.0 312605 309775 
22. 15.5 224767 243437 
23. 16.0 192939 188013 
24. 16.5 146333 140749 
25. 17.0 82976 98448 
26. 17.5 66036 62885 
2 7. 18.0 39644 42490 
28. 18.5 21790 23774 
2 9. 19 .0 9888 13342 
30. 19. 5 8348 9108 
31 . 20.0 9090 7433 
32. 20.5 4861 4650 
33. 21.0 0 2104 
34. 21.5 1542 
(Bracketed portion used for 2 estimation). 
Table 33 
Sr. 
No. (Mid 
1 • 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11 • 
12. 
13. 
14. 
\tI5. 
16. 
17. 
18. 
19. 
20. 
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• 
• Length-wise estimated landings of l. sina 
in numbers with three point moving averages 
for 1987-88. 
Length Number of Moving 
value i n em) fishes averages 
6.5 27204 
7.0 48643 74649 
7.5 148102 165401 
8 . 0 299460 227597 
8.5 235230 , 337424 
9.0 477583 385807 
9. 5 444609 457565 
10.0 450503 411726 
10. 5 340068 407303 
11.0 431 339 416808 
11 .5 479017 444574 
12.0 423367 488591 
12.5 563391 594344 
13.0 796274 731890 
13.5 836007 802252 
14.0 774475 875863 
14.5 1017107 956364 
15.0 1077447 975417 
15.5 831697 887621 
16.0 753719 789303 
Con t d • • 
21 2 
Sr. Length Number of Moving 
No. (Mid va lue i n em) fishes averages 
21. 16.~ 782494 658124 
22. 17.0 438160 539002 
23. 17 .5 396353 322955 
24. 18.0 134353 249758 
25. 18.5 218568 169597 
26. 19.0 155671 157089 
27. 19.5 96829 98020 
28. 20.0 41362 88283 
29. 20. 5 126659 56336 
30. 21.0 988 45021 
31. 21.5 7416 3130 
32. 22.0 988 2801 
33. 22.5 0 329 
34. 23.0 0 10012 
35. 23.5 30038 
. (Bracketed portion used for Z estimation). 
21 3 
Table 34 . Length-wise estimated landing s of Q. ruber • 
in numbers with thre e point movi ng avex:ages for 
1986- 87. 
Sr. Length Number of Moving 
No. (Hi d val ue. i n em) fishes averages 
1 • 5.5 790 
2. 6.5 0 1800 
3. 7.5 4611 10813 
4. 8.5 27829 30932 
5. 9.5 60357 66776 
6. 10.5 112144 100183 
7 . 11 .5 128049 116989 
8 . 12.5 110775 116099 
9. 13.5 109474 107958 
10. 14.5 103626 13 0686 
11 • 15.5 178960 161662 
12. 16 .5 202400 176543 
13. 17.5 148270 156647 
14. 18.5 119271 119288 
15. 19.5 9032 3 80817 
16. 20.5 32859 49183 
17. 21.5 24368 23952 
18. 22. 5 14629 14864 
19. 23.5 5595 8519 
20. 24.5 5333 4142 
21. 25.5 1500 6072 
22. 26.5 11383 8544 
23. 27.5 12749 8928 
24. 28.5 2652 8607 
25. 29.5 10421 4357 
26. 30.5 0 6714 
27. 31.5 9721 4290 
28. 32.5 3149 
(Bracketed portion used for Z estimation). 
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Table 35 I Length-wise estimated landings of O. ruber 
in numbers with three point moving 
averages for 1987-88. 
Sr. Length 
No. (Hid value i n em) 
1 • 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11 • 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
5.5 
6.5 
7.5 
8.5 
9.5 
10.5 
11 .5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 
31.5 
Number of 
fishes 
4166 
11644 
21975 
34153 
89073 
236727 
274128 
259864 
305169 
238805 
233163 
437060 
836624 
736831 
487812 
402407 
335967 
241559 
85157 
2603 
23497 
29919 
30244 
4188 
31068 
26120 
24804 
(Bracketed portion used for Z estimation). 
Moving 
averages 
18595 
28590 
54400 
119984 
199976 
256906 
279720 
267946 
259045 
303009 
502282 
670171 
687089 
542350 
408728 
326644 
220894 
109773 
37085 
18673 
27886 
21450 
21833 
20458 
27330 
Tabl e 36 . Estimation of ' Z' for l· sina from bracketed portions for the year 1986-87. • 
LCD = 31.8 cm and K - 0.1942 
BfA Lt Loo-Lt Log Their Ct Log Ct Their Z (Loo-Lt) difference difference 
A B 
~q ~2l ~3~ ~4l ~5~ ~6l ~7l ~8l ~9~ 
12. 5 19.3 1.2855 578869 5 .7626 
0.0114 0.0024 0.2105 0.0409 
13.0 18.8 1.2741 575666 5.7602 
0.0116 0.0567 4.8879 0.9492 
13.5 18.3 1.2625 505294 5.7035 
0.0121 0.0748 6.1818 1.2005 N ..... 
Ln 
14.0 17.8 1.2504 425346 5.6287 
0.0123 0. 0 <.. ~9 0.0123 1.1036 
14.5 17.3 1.2380 362055 5.5588 
0.0127 0 . 0678 5.3386 1.0367 
15 .0 16.8 1.2253 309775 5 . 4910 
0.0131 0.1046 7.9847 1.5506 
15.5 16 . 3 1 . 2 122 243437 5 . 3864 
0.0136 0.1122 8.2500 1.6021 
16.0 15.8 1.1986 188013 5 .2742 
0.0139 0.1258 9.0503 1.7576 
16. 5 15.3 1.1847 140749 5.1484 
0.0145 0.' 552 10.7034 2.0786 
Contd •••• 
(1) (2 ) (3) (4) (~) (6) (7) (8) (9) 
17.0 14.8 1 .1702 98448 4.9932 
0.0149 0.1947 13.0671 2.5376 
17.5 14.3 1.1553 62885 4.7985 
0.0154 0.1702 11.0519 2.1462 
18.0 13.8 1.1399 42490 4.6283 
0.0161 0.2522 15.6644 3.0420 
18.5 13.3 1 1238 23774 4.3761 
• 
0.0166 0.2509 15.1144 2.9352 
19.0 12.8 1.1072 13342 4.1252 
0.0173 0.1658 9.5825 1 .8609 
19.5 12.3 1 .0899 9108 '" 3.9594 ... ()\ 
0.0180 0.0882 4.9020 0.9520 
20.0 1 1 .8 1.0719 7433 3.8711 
0.0189 0.2036 10.7725 2.0920 
20.5 11 .3 1.0530 4650 3.6675 
0.0196 0.3445 17.5765 3.4134 
21.0 10.8 1.0334 2104 3.3230 
Table 37 : Estimation of • Z· for :l,. sina from bracJceted portions for the year 1987-88. 
Loo = 31 .8 cm and K = O. 1 942 
Lt LCD - Lt (r1r8~Lt) Their Ct Log Ct Their B/A Z difference difference 
A B 
(1) (2) (3) (4) (5) ( 6) (7) (9) (9) 
15.0 16.8 1.2253 97!:>417 5.9892 
0.0131 0.0410 3.1297 0.6078 
15.5 16.3 1.2122 887621 5.9482 
0.0136 0.0510 3.7~00 0.7282 
""' 16.0 15.8 1 .1986 789303 5.8972 ......
-J 
0.0139 0.0789 5.6763 1.1023 
16.5 15.3 1 .1847 658124 5.8183 
0.0144 0.0867 6.0208 1.1692 
17.0 14.8 1.1703 539002 5.7316 
0.0150 0.2225 14.8333 2.8806 
17.5 14.3 1.1553 322955 5.5091 
0.0154 0.1116 7.2467 1.4073 
18.0 13.8 1.1399 249758 5.3975 
0.0161 0.1681 10.4410 2.0276 
18.5 13.3 1.1238 169597 5.2294 
0.0166 0 .0333 2.0060 0.3896 
Contd ••••• 
(1) (2) (3) (4) (5) ( 6) (7) (8) (9) 
19.0 12.8 1.1072 157089 5.1961 
0.0173 0.2048 11.8382 2.2989 
19.5 12.3 1.0899 98020 4.9913 
0.0180 0.0454 2.5222 0.4898 
20.0 11.8 1.0719 88283 4.9459 
, 
0.0189 0.1951 10.3227 2.0047 
20.5 11.3 1.0530 56336 4.7508 
0.0196 0.0974 4.9694 0.9650 
21.0 10.8 1.0334 45021 4.6534 
'" 0.0206 1.1579 56 . 2 087 10.9157 
>-' 
00 
21.5 10.3 1.0128 3130 3.4955 
0.0216 0 . 0482 2.2315 0.4333 
22.0 9.8 0.9912 2801 3.4473 
0.0227 0.9301 40.9736 7.9571 
22.5 9.3 0.9685 329 2.5172 
Table 38 Estimation of ' Z' for o. ruber from bracketed portions for the year 1986-87. 
Loo = 76.5 and K = 0.1335 1 
Lt LCIl - Lt Log Their Ct Log Ct Their B/A Z (~- Lt) difference difference 
A B 
16.5 60.0 1.7781 176543 5.2468 
0.0073 0.0519 7.1096 0.9491 
17.5 59.0 1.7708 156647 5.1949 
0.0074 0.1183 15.9886 2.1342 
18.5 58.0 1.7634 119288 5.0766 
0.0075 0.1691 22.5467 3.0100 
19.5 57. 0 1.7559 80817 4.9075 '" .... 
'4J 
0.0077 0.2157 28.0130 3.7397 
20 .5 56.0 1.7482 49183 4.6918 
0.0078 0.3125 40.0641 5.3486 
21.5 55.0 1.7404 23952 4.3793 
0.0080 0.2072 25.9000 3.4576 
22.5 54.0 1.7324 14864 4.1721 
0.0081 0.2417 29.8395 3.9836 
23.5 53.0 1.7243 8519 3.9304 
0.0083 0.3132 37.7349 5.0376 
24 .5 52.0 1.7160 4142 3.6172 
Table 39 , Estimation of ' Z' for Q. ruber from bracketed portions for the year 1987-88. 
Loo = 76.5 and K = 0.133!:>. 
B/A Lt Leo - Lt Log Their Ct Log Ct Their Z (Leo - Lt) difference difference 
A B 
18.5 58.0 1.7634 687089 5.8370 
0.0075 0.1027 13.6933 1.8281 
19.5 57.0 1.7559 542350 5.7343 
0.0077 0.1229 15.9610 2.1308 
20.5 56.0 1.7482 408728 5.6114 
'" 0.0079 0.0973 12.3165 1 .6442 '" 0 
21.5 55.0 1.7403 326644 5.5141 
0. 0079 0.1699 21.5063 2.8711 
22.5 54.0 1.7324 220894 5.3442 
0.0081 0.3037 37.4938 5.4575 
23.5 53.0 1.7243 109773 5.0405 
0.0083 0.4713 56.7831 7.5805 
24.5 52.0 1.7160 37085 4.5692 
0.008!:> 0.2980 35.0588 4.6803 
25.5 51.0 1.7075 18673 4.2712 
Table 40 : Monthwise catch effort data of :!.. sina and Q. ruber during 1986 - 8 '7. 
:!.. sina Q. ruber 
Month catch in catch in Effort 
Numbers Weight-Kg . Number \'leight-Kg . 
sept . 86 272502 7482 104819 2942 487 
Oct. 274856 4959 17544 618 139 
Nov . 1695885 41942 469385 24364 1642 
Dec . 85n35 22492 119059 5164 754 
Jan . 8 7 1351721 36429 309704 13 234 1739 '" 
'" ....
Feb. + 
March 710334 28282 19201 1197 1408 
April 387959 10964 157822 1461 1099 
"lay 942576 13316 333704 25172 845 
(+ No sampling ). 
Table 41 : Month\oise catch effort data of !!. ~ and Q. ruber during 1987 - 88. 
!!. ~ Q. ruber 
Month catch in catch in Effort Numbers \-Ieight-Kg. Numbers weight-Kg . 
Se p t . 87 996000 18720 571074 12804 601 
Oc t . 325817 13364 210326 6494 674 
Nov . 1378068 47776 769527 38592 1791 
DeC • . 1115642 45476 639476 46531 2272 
Jan. 88 2033395 92040 726 06 3 45461 2080 N 
N 
Feb . 1966366 78762 1333738 95558 2797 N 
l· .a r c h 1898511 62268 712 220 4 4 334 2346 
Apri l 1995475 61487 252104 25496 1615 
I-:ay 1176048 44038 248198 15757 1017 
1. 
2 . 
3 . 
4 . 
5 . 
6 . 
7. 
Table.42 Y/R t E maxI F max , reduction i n F etc . at different levels o f Lc/Loo in case 
of !!.. ~ 
Differen t v a lues of Lc/LCD 
Parameters/values 0.40 0 . 4 1 0 . 42 0 . 43 0 . 44 0 . 45 0 . 46 0 . 47 0 . 48 
E ma.",= for "!SY 0 . 5650 0.5930 0 . 601 0 0 . 6090 0 . 6200 0 . 6260 0 . 6350 0 . 6440 0 . 6530 
(Y,ln) , at E max 0 . 0690 0 .0700 0 . 0708 0 . 0716 0 . 0725 0 . 0733 . 0740 0 . 075 2 0 . 0761 
Y/R at E max ( gm) 24.4 24 . 7 25 . 0 25.3 25.6 25 . 9 26 . 2 26 . 5 26 . 9 
(Y/R) , at present E 0.0510 0 . 0530 0 . 0549 0 . 0567 0.058 7 0 . 0605 0 . 0624 0.0643 . 0 . 0661 
Y/R at present E (gm) 16 .0 18. 7 19 . 4 20 . 0 20 . 7 21 . 4 22 . 0 22 . 7 23 . 3 
F max: for H5Y 0 . 31 0 . 32 0.33 0 .34 0. 36 0 . 3 7 0.38 0 . 40 0 . 41 
Reduction in " in the 
p~esent units of effort 
t o obtain ":SY 80 79 78 78 76 76 75 74 73 
Present 
fishery 
rv 
rv 
w 
1. 
2 . 
3 . 
<. 
-. 
6 . 
7 . 
Table 43 : 
" 
Parameters/values 
E max for HSY 
(Y/R) • at E max 
y/R at E max (gms) 
(Y/R) • at pres ent 
Y/R, E max, reduction in F etc at different levels of Lc/Loo i n case 
of Q. ruber 
Different v a lues of Lc/Loo 
0 . 20 0 . 21 0.2 2 0. 23 0.24 0.25 
0 . 4780 0 . 4820 0.'; 8 60 0 . 4900 0.4950 0.499 0 
0 . 0703 0 .0711 0 . 0717 0 . 0726 0 . 0731 0.0741 
301.2 304.1 307 . 1 311.0 314 . 4 317.4 
E 0 . 0092 0.0103 0 . 0114 0 . 0126 0 . 0139 0.0153 
y ip- a t p .:-c aent =: (gms ) 3S . 4 H . O 48 . 8 54 . 2 59 . 7 65 . 6 
F max for NSY 0 . 111 0 0 . 11 28 0 . 1146 0 . : 164 0 . 1188 0.1 207 
~eduction i n ~~ in t he 
un i t s o f effor t t o 97 97 97 96 96 96 
ob t ein l':SY Present 
fishery 
0.26 
0 . 50 40 
C. 0748 
320 . 4 
IV 
0.0168 IV 
",. 
71.8 
0 .1 231 
96 
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SUHMARY 
sciaenids are landed in large quantiti e s a t Ratnagiri fish 
landing centre and it i s consumed by many people covering all 
strata of the society. It plays an i mportant role in economy of 
fisherman. Species, Johnieops ~ (cuvi er) and Otolithes ruber 
(schneider) are landed in major quantities . Hence these two 
species are selected for studies for biostati s tical evaluation 
and management of the fishery. The signi f ican t findings of thi s 
work are as follows. 
FOod and Feeding habits: 
1) Both species are carnivorous feeding ma i nly on teleosts and 
crustaceans. 
2) They feed on organisms in midwater and lOHer region of the 
sea. 
3) Their food components are based on their habita ts, juveniles 
remain near sea bottom hence their food contains the organi s ms 
from the lower level of sea incluo ing s ea bed and adults 
migrate to all stra ta of water column hence their food 
included organisms on wide range. 
4) Change in food with size was observed. Juveniles preferred 
crustaceans and as they grow in siZe t hey shifted their 
feeding pr eference t e leosts \Vhich gr adual ly became ma jor 
food item of adults . 
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5) In the case of J. sina, percentages of poorly fed 9uvenil es 
were high and percentages of poor ly fed adults and with 
empty stomaches were higher than other types of ~eeding 
intensities. In the case of Q. ruber, t he percentages of 
actively fed juveniles were highest and percentages of 
adults with empty stomachs were higher t han other ~ypes 
of intensities. 
6) No regular periodicity in different intensities of feed i ng 
were observed throughout the year in both species. 
7) Teleosts formed the major food item in both the species; 
penaeid prawns, Acetes spp. and: ~qUilla were the second 
important food item while polychaetes, molluscs, crabs 
and miscellaneous constituted minor food item in both 
species. 
8) No regularity in indices of food items except that of 
teleost, was observed during different seasons. 
9) spawning activity or gonad development could not be 
related with high or low intake of f ood since high 
percentages of poorly fed adults were observed throughout 
theperiod of studies in both species. 
Reproductive biology. 
1) In ova diameter fr equency polygon roul timodes were not s eperated 
from each other indicating prolonged spawning with two peak 
spawning seasons, september to January and March to May. 
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2) Mature fishes were observed throughout the year. 
3) Lengths at fir s t maturity were 11.2 and 11.6cm. for males 
and females respectively by percentage of occurrence of 
mature fishes method and 11.0 and 12.0em by Kn values. 
4) GSI values varied within narrow range in different 
months (3.7 to 5.7) indicating continuous spawning. 
5) Kn values varied with narrow rang e strengthening ~he 
earlier statement regarding the prolonged spawning. 
6) Fecundity ranged from 12,500 to 2,71,000 in various length 
groups (12.0 to 20 .6 cm). 
7) Significant correlation coefficient (r) between fecundity 
and length of fish, fecundity and weight of fish and 
fecundity and weight of ovary have been observed (0.7506 , 
0.7523 and 0 .8127 respectively). 
8) Sex ratio varied in different months but the pooled data 
did not differ from 111 ratio. 
9) In juveniles , chi-square values were signi fican t since 
males were outnumbered the females . In mature groups 
for the length groups below 15.0 cm, Chi-square values 
I •. 
were not significant. rlowever in those above 15.0 em. 
females were dominant. 
Q. ruber I 
1) This species individually spawns once i n a year within a 
restricted period but population as such spawns from 
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september to January . 
2) The lengths at fir s t maturity were 20.2 a nd 22.6 cm. f or 
males and females respectively by percentag e occurrenc e o f 
mature fishes method a nd by r el a tive condi t ion method thoG e 
were 21.0 and 23 . 0 em.for males and femal es r espectively . 
3) High GSI values were observed dur i ng September to January 
and 10\-1 in other months indica ting restricted spawning 
p eriod. 
4) Kn va lues were also high i n above period s upporting t he 
previous statement . 
5 ) Fecundity varied from 54,600 to 4 , 40 ,000 for size r a nge 
from 16.~ to 32 .7 cm. 
6) The correla t i on coeffici ent (r) be tl-leen f ecundity and 
length of fi sh and f ecundity and "'eight of ovary were 
significant ( 0 . 6427 and 0.6799 respectively) but between 
fecundity and weigh t of f i sh it wa s poor (0.2688). 
7) Monthly sex ratioes \-lere significant , except i n Decerrber 
1986 and 1987 which might b e becaus e of peak spawning 
p eriod. 
-8' In the pool ed dat a females were domi nant . 
9) I n immature gr oups sex r a tioes were significant and in 
mature groups those were not signi f i ca nt . 
Age and growth 
a) Length - weight r e l ati onship. 
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1) In both the species , ~. ~ and Q. ruber the length -
weight relationships showed parabolic form . 
2) The coefficient corre l ations for the length - weight 
relationships for male and femal e were highly significant 
for both the species . 
3) Tests on identicality of s traight lines were not significant for 
female and male in each species and hence common relationship 
was obtained for each speci es . 
4) Lengths at first maturity estimated from Kn values were as 
follows : 
~. sina : male = 11.0 cm, female = 12.0 em; 
. Q. ~: male = 21.0 cm, fema le = 23 .0 em. 
5) In ~. ~, monthly 'Kn' values v", ried l;ithin a na rrow 
range indicating prolonged soawning. 
6) In Q. ruber, high 'Kn' values observed during september to 
October and low values in other months indicating restrict-
ed period of spawning. 
7) In both the species, food intake was not the main criteria 
for varations in 'Kn' values, since majority of them were 
found to be poorly fed. 
b) Age and growth. 
1) Length-frequency analyses were found to be more reliable 
for the study of age and growth. 
2) The asymptotic lengths were 31.8 and 76.5 cm. for ~. sina 
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and Q. ruber respectively. 
3) The lengths at~ained by the ~. sina at the end of first, 
second, third, fourth and fifth year s were 18.38, 25.64, 
28.91, 30.52 and 31.22 cm. respectively and by Q. ruber 
33. 63, 51~37 , 61.77, 67.86 and 71.4 4 cm. respectively. 
4) Grovl th rates were fast in their first year in both speci es . 
5) The longevities of ~. ~ and Q. ruber were found to be 
5 and 10 years respectively. 
6) Estimated K values(coefficient of growth) ~ere estimated 
as 0.1942 and 0.1335 for ~. ~ and Q. ruber respectively . 
7) The maximum attainable weights were estimated as 487 and 
4678 gms. for ~. ~ and Q. ruber r e s pectively. 
Population dynamics and Management : 
1) Length at first capture (Lc) : 14.0 cm. 
2) Lengths at recruitment : 8.0 em. 
3) Present rate of exploitation was fou nd to be high (0.88) 
indicating very high fishing intenSity. 
4) - - Instantaneous fishing mortality rate (F = 1.53) -,'was seven 
times of instantaneous natural mortality (M = 0.22). 
5) Maximum Y!R obtained at E max (0.62) was f ar below the 
present level of exploitation (0.88). 
6) In order to oblain MSY at the pres~nt level of size at fir s t 
capture (Lc), the level of exploitation should be less t han 
present level of exploitation the instantaneous fishing 
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mortality rate should b,e brought down to 0.36 by reducing the 
present effort by 76%. 
7) Relative yield per recruit at E max was 0.725 , hence Y/R at 
E max was 25.6 gms . 
8) Increase in mesh size indicated higher NSY. 
9) Size at first capture (Lc) was higher than the size at firs t 
maturity. Hence existing mesh siz e was found to be not 
harmful to the fishery. HO\lever reduction in humber of 
fishing units was found to be favour able to obtain MSY. 
Q. ruber 
1) Length at first capture I 17.5 em. 
2) Length at recruitment : 11.5 cm. 
3) Present rate of exploitation (E) was estimated as 0.97 
indicating high instantaneous fishing mortality (3.45). 
4) E max was found to be 0.50 which was f ar below the present 
level of exploita tion (0.97). 
5) Reduction in effort by about 96% was required to obtain ~$Y . 
6) Instantaneous fishing mortality rate (F = 3.45) was about 
28 times o f instantaneous natural mortality rate (0.12). 
7) Relative yield per r ecruit at E max was 0.073 , hence Y/R 
at E max was 311.0 gm . 
8) I ncrease in mesh size \va s found to be fa vour able to increa s e 
Y/R. 
9) Size at first capture (17.5 em) is l es s than the siZe at 
firs t maturity (21.0 cm) . Hence mesh size has to be increa s ed 
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not only to reap high y/R but also to allovl the stock to 
spawn once at least before being captured. 
General Conclusion I 
In terms of socio-economics, reduction in number of fishing 
units may not be acceptable but increase in codend mesh size 
may be enforceable. Cod end mesh size may be increased to a t 
leas t 3Omm. 
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